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SECTION 1
CONSIDERATIONS FOR A VISUAL SIMULATION

In general, the need for improved high resoclution, wide field of view
displays in visual simulation systems exists because of the increasing neces-
sity for training combat missions in flight simulators. Total duplication of
the rich visual environment present everywhere outside the cockpit during
actual nap of the earth missions or any other low level mission, tnuugh, is
not possible using current visual simulation technology. Nor, in all proba-
bility, will it ever be. Due to technological and physical restrictions a
visual display is only a representation or simulation of the actual visual
environment. The choice of what should be simulated and how it should be done
is not easy due to the number, nature and variety of visual cues available to
and used by a veteran pilot during the performance of an actual mission.
Until our understanding of the human visual system and its irteractions with

the real world are more compiete, visual simulation systems will be designed .

to provide as much realism and fidelity as is possible with available funding
and technology. Under these conditions, it seems reasonable to conclude that
a display which provides eye limited resolution and high detail over the
entire available field of view will supply the essential elements of a fully
adequate visual simulation system.

Typically, a high resolution, wide field of view display is created by

butting together several computer generated video displays. Each display is
separately created by a single image generator channel feeding video to either
a video projector or to a conventional CRT monitor, The displayed video image
is derived from a digital representation of a mathematically modeled landscape
or gaming area depicting the training scene. This digital portrayal is more
simply known as a data base. Depending upon the particular training require-
ments, the data base may be modeled from existing terrain information from
some known location or, it can be entirely ficticious. In the usual case,
then, a wide field of view visual simulation system consists of a number of
- _video displays and their associated computer image generator channels, each
channel obtaining visual irformation from a common data base. For a given
area of visual display, or equivalently, field of view, increasing the number
of the video displays and image generator channels improves the resolution of
the whole display and increases the quantity of detail available to the
viewer. Unfortunately, the visual simulation is improved at the expense of
doing so with a more costly, complicatad visual simulator svstem.

Another method of providing a wide field of view display with high resol-
ution and detail utilizes a movable high resolution inset display. Two prin-

1. Statler, Irving C. Characteristics of Flight Simulator Visual Systems,
NASA, Washington, DC 20546 and U.5. Army Aviation Research and Develop-
ment Command, St. Louis, MO 93166. NASA Tm.-81 278, or AVRAD COM Tech-
nical Report 81-A-8, April 1981, pp. 1, 2, 56, 57.
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NAVTRAEQUIPCEN IH-338

cipal types are target tracked (moved to follow some displayed target) and
head/eye tracked (moved to follow the observer’'s head and eye position).

A target tracked display is vcually projected upon or inset into a back-
ground low resolution, wide field of view display. In this way, imagery for
the entire visual simulation can be furnished by a two-channel image genera-
tor, one channel driving the movable high resolution dispiay, the other sourc-
ing the low resolution background display. The position of the target tracked
display that is within the background display is a function of target loca-
tion. In other words, the display is servo driven in some manner so as to
place a target image in the proper position within the background display.
Target imagery can consist of an enemy missile site or even an accompanying
friendly aircraft. Its visual content is entirely dependent upon the simu-
lated mission. The advantages of this visual simulation system is that it
provides some of the benefits of wide field of view and high resolution using
a limited number of image generation channels. The primary disadvantage to
suck a system is that each additional high resolution object/target that is to
be displayed requires still another target tracked high resolution display and
image generator, As a result of this constraint, a target tracked dlsplay may
be inefficient for certain kinds of tra1n1ng tasks.

A head/eye tracked display is tracked or moved about in direct response
to the trainee's head and eye pointing direction. The visual display appears
only where the observer happens to be looking. Further, if the display area
is large enough to cover the observer's field of view, a visual simylation can
appear to take place throughout the available viewing voiume of the simulator,
while in fact, the actual display covers only the immediate area available to
the viewer. 1If a second smaller display, also head and eye tracked, is
inserted at the center of the d1sp1ay mentioned above, high resolution 1magery
can be made available to the viewer along his line of sight. Since the human
visual system detects high resolution imagery only in the small central foveal
region of the eye, proper design of a two-channel head/eye tracked visual
display results in the illusion that a high resolution, wide field of view
visual simulation is omnipresent.

When the NAVAIR funded Helmet Mounted Display task started in 1978, its
primary goal was to determine the feasibility of developing a fully opera-
tional dual channel, head/eye tracked, pilot helmet mounted display. Through
the efforts of an in-house team a preliminary prototype or feasibility model
was designed and built, Successfully demonstrated at a preproposal conference
in November 1981, the feasibility model served as a test bed for many con-
cepts, some of which were included in the specifications for the advanced
deve1ogment model, the Visual Display Research Tool, now in the procurement

cycle.

2. For additional information on the advanced development model, see
articles entitled "Helmet Mounted Laser Projector® in the Proceedlngs of
the 1981 Image Generation Display Conference 11 (AFHRL) and the
3rd Interservice/Industry Training Equipment Conference.

2
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The Visual Display Research Tool, 6.3 funded by NAVAIF, is targeted for
incorporation into the Visual Technology Research Simulator (VTRS) in early
1985. This advanced visual simulation system contains only two computer
generated displays, yet it provides both a wide angle field of view and high
resolution. The high resolution inset display contains high detail scene
content and is presented only at the observer's point of gaze or, equiva-
lently, area of interest. The surrounding low resolution display, containing
low detail scene content, fills the remainder of the observer's field of
view. Visually, the composite display will tend to match the acuity profile
of the human eye by generating high resolution imagery only along the foveal
axis, and low resolution imagery in the periphery.

An artist's concept of the proposed system is depicted in Figure 1. The
tlight simulator cockpit is enclosed by a spherical screen. Two disolays are
projected onto the highly retro-reflective interior surface of the sphere.
The scenes in both the high resolution Area of Interest (AOl) display and the
surrounding Instantaneous Field of View (IFQV) display are computer generated

N according to the pilot's line of sight. His line of sight, with reference to
o the ground, at any one moment in time, is a consequence of his cockpit
: referenced head and eye position, as well as the attitude and position of the
simulated aircraft. Each display is an interlaced video raster composed of
1023 horizontal scan lines. Instead of being projected by a conventional high
T resolution video projector, though, they are formed from video modulated laser

beams which are projected and scanned from the pilot's helmet.

. LOw OETAR
- HIGH DETAIL — m;:uvng‘ms rnsu.o
AREA OF INTEREST VIEW DISPLA

™
Figure 1. Artist's Concept of an Area of Interest,
v Instantaneous Field of View Dome Display.
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A computer image generator channel generates a blue, a green and a red
~ video signal to form the full color visual scene within each display. Six
video signals are required for the two displays, two of each color. Each of
the video signals drives an acousto optic modulator. The six acousto optic
modulators, in turn, modulate the intensity of two blue and two green laser
beams from a remotely located argon laser, and two red laser beams from a
companion dye laser. The three modulated, red, green, and blue laser teams
that form each of the two displays are optically combined so as to create a
single composite full color, beam for each display. Each of the two composite
beams are then arranged so as to strike the facets of a rotating high speed
scanner mirror. Here the composite beams for each display are horizontally
line scanned. After being formed, the line scans for each display are then
suitably focused onto the polished ends of two coherent flat fiber optic
ribbon cables for subsequent relay to the helmet mounted projector.

The far end of each flat fiber optic ribbon is attached to the pilot's
helmet. There, the two separate, full color line scans emerge and are verti-
cally frame scanned by oscillating scanner mirrors as they are projected onto
the interior surface of the spherical screen.

The display that the pilot/trainee's attention will be most focused upon,
the Area of Interest (AOI), will occupy a viewing area of approximately 25
degrees square and will resolve approximately 3 arc minutes per TV line pair,
Covering the surrounding display area, the Instantaneous Field of View (IFOV)
fills a 125-degree horizontal by 110-degree vertical viewing volume. The
resofution of the larger display changes across the field, but the average is
approximately 15 arc minutes per line pair. In order to smooth the abrupt
transition from uae display into the other, the two displays are blended with
each other in a 5~degree blend region within the border of the Area of Inter-
est (AOI) display. Blending of the displays is accomplished by gradually
reducing or increasing the brightness of the AQl within the blend region, and
simultaneously increasing or reducing the brightness of the IFOV. In this
way, equal luminance is obtained throughcut the blend region as one display
gradually fades into another. Further, the blending should reduce or elimi-
nate any visual artifacts caused by low detail, low resolution data base
models changing into high detail, high resolution data base models when the
transition is made between the [FOV and AOI.

The pilot's head and eye positions are determined by lightweight helmet
mounted head and eye trackers. A fixed emitter, helmet mounted sensor system
determines azimuth, pitch and roll of the pilot's head with respect to the
simulator cockpit. An invi:ible, infrared light source illuminates the pilot
eye. His vertical and horizontal eye position is determined by imaging the
reflected infrared light from his eyeball onto the face of a helmet mounted, *
infrared sensitive detector., The digital outputs from both trackers are
vectorially combined in order to form th: cockpit referenced pilot viewing
direction., This viewing direction is combined with the instantaneous attitude
and position of the simulator aircraft within the data base to arrive at a
data base (ground) referenced pilot line of sight for which the image gener-
ator creates a visual display.
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SECTION I1I
THE HEWMET MOUNTED DISPLAY FEASIBILITY MODEL, SYSTEM OVERVIEW

In order to investigate the technological areas of risk, and, to a some-
what lesser extent, determine the psychophysical requirements for the proposed
Visual Display Research Tool (VDRT), a small helmet mounted display feasi-

bility model was designed and built in-house.

The feasibility model, known in-house as the Helmet Mounted Display or
HMD, was not as elaborate as the previously described VDRT. Instead of two
full coior head and eye tracked displays, the HMD produced only a single mono-
chromatic head tracked display. Like the proposed VORT, the HMD was a laser

scanned, helmet mounted visual display system.

An artist's sketch of the completed feasibility model -is shown in Fiqure
2. A six-watt water-cooled argon laser provides a green laser beam which is
intensity modulated by an acousto optic modulator (AOM). The video informa-
tion used to drive the modulator is produced by one channel of a dual channel
computer image generator {(CIG) which derives its information from an appro-
priate data base. The video modulated laser beam is collected,
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Figure 2. Helmet Mounted Display Feasibility Model.
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collimated and shaped by a lens system so that it fills the aperture of an
acousto optic beam deflector (AOBD). Here, the horizontal line scans which
eventually form the displayed video raster are formed. The video modulated,
horizontally scanned beam is again collected and focused by another series of
lens elements onto one polished end of a coherent fiber optic ribbon bundle.
The opposite end of the flexible two meter bundle is attached to the observ-
er's helmet. Eierging from the helmet end of the fiter optic bundle, the line
scan is projected towards a helmet mounted scanning gavonometer mirror which
optically deflects the line scan onto the retro reflective interior of the
surrounding dome screen. As it moves, the scanning mirror sweeps the fully
formed horizontal laser line scans downward on the screen, completing the

displayed video raster,

Head pointing direction (HPD) is provided by a helmet mounted sensor,
ccckpit mounted emitter system. Electromagnetic fields radiated by the
emitter are coupled into the sensor and by processing the signals obtained
from the sensor, head orientation is determined.

since flight dynamics are not included, and the cockpit controls are .
inactive, no simulation of an actual aircraft .is possible; however, a simple
joystick allows the viewer wearing the helmet to cnange his relative coordi-
nates and attitude within the visual data base. The subject, then, does have
control over the cockpit location and attitude within the simulated visual

environment.

Before the image generator cteatesvthe display, the line of sight of the
cockpit seated observer is determined, Both head pointing direction and joy-

~stick position are sampled at a 60 Hertz rate and are vectorially combined by

the computer image generator in order to determine the instantaneous lire of
sight that the display will be created for.

Production of the video imagery filling the viewer's display requires a
certain amount of processing time. The displayed video raster consists of a
single video frame which is composed of two interlaced video fields. A single
video field requires approximately 67 milliseconds of processing time, 16.7
milliseconds of which are for scanning and display. The video fields are
produced one after the other at a 60 Hertz rate, but delayed by the 67 milli-
secondg processing time. To combat this induced image generator lag, a com-
pensation system was designed and-fabricated to place the viewed display along
the rld line of sight it was created for rather than projecting it at the
observer's current line of sight.

The viewer wearing the Helmet Mounted Display sees a square video display
which always remains in a forward viewing position regardless of head posi-
tion. The contents of the display are updated according to where the viewer
is looking and what commands the joystick is given. The appearance is much
like atgreen tinted window that is free to move about in response to head
movement .
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This system is not optimal. Certain components have been judged tc be
unacceptable for the final system. Some approaches which initially appeared
feasible proved to be cumbersome but remained in the helmet mounted display
feasibility model only for the sake of system continuity. A more critical
detailed examination of the system follows in the next section.
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SECTION I11
FEASIBILITY MODEL SYSTEM DESCRIPTION

In this section, the major systems involved, their basic components, and

V!

their inter-relationships will be addressed.
THAGL GENERATOR

The completed feasibility model utilizes a General Electric Compuscene
Cumuter Image Generator (CIG) which was made available from NAVTRAEQUIPCEN'Ss
Visual Technology Research Simulator (VTRS) facility. The CIG provides a
real-time video image of a digitally stored environmental data base to the

helimet mounted laser projector,

Tne Helmet Mounted Display Feasibility Model relies upon the CIG to
create the yisual simulation contained within the display. The CIG provides
the visual imagery that is updated at a 60 Hertz video field rate to reflect
changes in the observer's head pointing direction (HPD) within the cockpit as
well as changes in the simulated cockpit attitude and location within .the
environmental data base. In the Helmet Mounted Display (HMD), the visual
display is not in a fixed location with respect to the simulator cockpit. If
it were, the image contained within the display would be a direct result of
the movement of the joystick by the observer. Insteau, the head tracked
visual scene is projected in the direction the pilot-observer happens to be
1ooking and is updated according to both head and cockpit/joystick movement.

A1l of the visual scenery displayed by the HMD is the end result of
processing the information contained within an environmental data base. In
general, environmental data bases are composed of a number of two- and
three-dimensional objects or models depicting, in a mathematical fashion,
ground 4and cultural features. It is sufficient for the purposes of this
report to consider a model to be composed of a number of flat polygons called
faces. The perimeter of each polygon is composed of a number of short line
seqments which are joined at several points called verticies. A model is
defined by the location of its verticies within the data base; the more

corplex a mode:r is, the greater the number of faces and vertices it contains.

In addition, each face is assigned three values representing the amounts of
red, green and blue comprising its color and brightness.

The data base contains two types of coordinate systems, fixed and
moving. The fixed coordinate system serves as the reference sys*tem and
uniquely locates every object within the data base. A moving coordinate
system is also referenced to the fixed system, but is assigned to the pilot-
observer's joystick. By manipulation of the joystick, the observer is
actually altering the position and orientation of a moving coordinate system
within the environmental data base.

s .
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As an observer moves his head, he changes his head pointing direction
which is provided by the head tracking system. Equivalently, he is altering
the orientation of a vector within the moving coordinate system. For ease in
visualization, we can refer to this vector as the observer's line of sight.

Each television raster field output by the image generator requires three
processing cycles, Running at a 60 Hertz update rate, each cycle requires
approximately a field time or 16.7 milliseconds for completion. The cycles
operate simultaneously on sequential television fields, outputting them at a
60 Hertz rate one after another in 3 pipeline fashion. Due to timing con-
straints between the first and second processing cycles, however, the pipeline
process actually requires 4 field times or 66.7 milliseconds.

During the first cycle, the CIG retrieves the head :racker and joystick
data, processes it, and determines the observer's position and line of sight.
Visual fading factors derived from this data, fog and other environmental
effects, are also determined.3 The data is not ready until 5 milliseconds
into the next cycle, so it is held over one additional cyc]e until the start
of the next full second cycle.

In the second cycle, position and line of sight data. are utilized to
determine the objects that are visible within the data base. Priorities are
resolved (which object obscures which), and the verticies of the visual models
are mapped onto a two-dimensional display plane which lies normal to the
observer's line of sight. The size of the display plane or view window is
determined by the physical size of the helmet mounted laser display - about 20
degrees square. Its rotation about the observer's line of sight is a conse-

uence of head rotation. In addition, the second cycle computes sun_angle,
ace shading and color. The data mapped onto the plane will eventually form
the visual display.4

The third cycle completes the transformation from digital data to video.
1t receives a block of data in a raster line format indicating edges of faces,
locatior, priority and color. Using the fading information and the data con-
tained within the block, it generates one videg field corresponding to the
observer's field of view along his line of sight.

3. Morland, D. v. and Michler, F. A. System Description, Aviation Wide

Angle Visual System (AWAVS) Computer Image Generator (CIG) Visual System,
General tlectric Company, Space Division, Daytona Beach, FL 32015. Tech-
nical Report NAVTRAEQUIPCEN 76-C0048-1, Rev. May 1981, pp. 44-50.

4, 1ibid., pp. 50-57.

5. 1b1do. pp- 57-670

AP W
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Figure 3 depicts the whole process in a timing sequence. During the
first television field "0" the head tracker generates head pointing direction
data, and along with the joystick data, it is transferred to the CIG for the
. start of cycle one processing during field *1*. During field “2" the data
generated by cycle one processing is buffered until the start of the next
fulifield, field “3.% Cycle two processing starts in field "3." The data
block generated during field "3* is used during field "4" by the third
processing cycle to output the video to the helmet mounted laser projector.

It is essential to understand that a video image being generated by the
C1G is not displayed until 4 fields or 66.7 milliseconds after the poant in
time it was generated for. In essence, the image “lags* the point in time
that the observer's line of sight and data base location were sampled.
Without lag compensation for the image delay, the viewer will never see a
correct display, and the illusion of flying through a scene with joystick

control over position and attitude is lost.

Real aircraft dynamics are not included in this deve]opmental system,
instead, the joystick is used to represent movement of the observer's "air-
craft" through the data base. Viewer HPD is provided by the Polhemus head
tracking device, for which special hardware interfaces were designed and built
to handle the data fluw from the head tracker to the C1G. These interfaces
provide the conversion and buffering of the data as required by the CIG data

format and program timing.
LASER VIDEOQ PROJECTOR

Video imagery provided by the CIG is displayed by a laser video projector
designed and constructed in-house. The system prOJects a 20 by 20 degree
monochromatic TV raster display from a projector, mounted on a military flight
helmet worn by the observer, onto the interior of a one meter radius dome. A
beaded retro-reflective material covers the interior of the dome and provides
high screen gains in the direction of the observer. The system is 42signed to
operate at a 60 Hertz field rate, with the line rate adJustable for CIG video

rates of 525 to 1023 lines per frame.

VERTICAL SYNC
' FIELD O FIELD 1 FIELD 2 FIELD 3 FIELD 4
Ht U CYCLE 1 U------ CYCLE 2 CYCLE 3
DATA
GATHERED
HPD & JOYST
,om‘mﬂ..%.!i'; IMAGE PROCESSING AND DISPLAY

-TOCIG

CIG DELAY 66.7 MS - -

Figure 3. Processing Sequence for a CIG Display.
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Figure 4 is a block diagram of the laser video projector. . The major
components of the projection system are as follows: '

Each one of these system components is discussed below.

The argon laser, a Control Laser Corporction model number 553, is oper-
ated in a monochromatic mode through the use of a Littrow prism as the rear

Argon Laser

NAVTRAEQUIPCEN IH-338

Acousto-Optic Modulator (AOM)

Acousto-Optic Beam Deflector (AOBD)

Coherent Fiber Optic Bundle
Mirror Galvanometer Frame Scanner

cavity mirror, yielding a single green wavelength of 5145 angstroms.
laser beam has a diameter of 1.6 mm. and a divergence of 0.4 milliradians.

ARGON
LASER

e

HOMZONTALLY

VIDEO MODULATED BEAM SCANNED BEAM
AOM. ornics P
AO0BD.  OPTICS
vco s
DRIVING
ELECTRONICS
SCANNER
ELECTRONICS
VIDEQ
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HIYNC
VSYNC
Figure 4.
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Block Diagram of Laser Video Projector.
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The output of the laser is intensity modulated with video information
from the image generator by an acousto-optic modulator, manufactured by the
Intra-Action Corporation (model number 125).

~The video modulated laser beam is expanded by the use of a Tropel Beam
Expander to a 22 mm. diameter collimated beam, and then compressed to a 22 mm,
1ine by a cylindrical lens. This 22 mm. line is focused into the crystal of
the acousto-optic beam deflector system, which deflects the first order dif-
fracted beam through an angle of 30.6 milliradians, creating the video line
scan./ The deflection of the beam is controlled by a 275 - 475 MHz fre-
quency chirp centered at 375 MHz. The chirp, or frequency sweep, is provided
by a voltage controlled oscillator (VCO) manufactured by Radio Development
Laboratories. A voltage ramp controls the range of the frequency sweep, its
linearity, and the time required to run a full sweep. Since the horizontal
video line rate varies from 1023 to 525 lines per frame depending upon the
resolution of the display, the period of the voltage ramp is variable from
25.6 to 63.5 mncroseoonds.

The AOBD was manufactured by the Harris Corporation and is made of tellu-
rium dioxide (Te02). 1Its maximum throughput efficiency of only 15 percent
places a limitation on the brightness of the final display. In addition, in
order to achieve a linearly deflected, focused beam from the AOBD, it must be
driven by a linearly incremented frequency sweep.8 In orcer to avoid unin-
tentional modulation of the laser line scan by the AOBD, the output power of
the voltage controlled oscillator must remain constant throughout the duration
of the sweep. At the sweep rates required, the in-house designed driver for
the AOBD is neither un1form in power, nor does it provide a linear sweep (the
linearity required is about .01 percent). The end result is a severe loss of
resolution, vertical intensity banding, and distortion in the final prOJected
display. In Flgure S these effects can be seen, with distortion appearing as
a slight “S" shape 1n the normally flat runway.

After the AOBD, the beam is recollimated by the use of a second cy11ndr1-
cal lens to reform the 22 mm. diameter beam. A focusing lens is then used to
focus the beam down to an approximate 20 micron spot size, which, due to the
scanning effect of the AOBD, results in a 10 mm. wide line scan.

6. Maldonato, E. D. Helmet Mounted Display Feasibility Model, Optical
Design. Technical Répor « NAVTRAEQUIPCEN IR- %IU, JuTy I§§2, PpP. 6-8.
7. dbid., pp. 9-15.

8. 1bid.
9. ibid., p. 16.
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Figure 5. Displayed TV Raster as Viewed From Cockpit.

This line scan is arranged to fall on the polished faceplate of either a
full frame fiber optic bundle or a flat ribbon fiber optic bundle depending
upon the particular setup in use. Both coherent bundles serve the same pur-
pose, which is to optically transport the laser line scan to the observer's
helmet. The {full frame coherent fiber optic bundle is manufactured by the
American Optical Company. The bundle consists of individual 10 micron fibers
drawn in 5 by, 5 arrays which are then arranged into a rectangular grouping
with dimensions of 10 mm. by 8 mm. on the faceplates. Each fiber is one meter
long and has d numerical aperature of 0.56. Transmission through the bundle
is limited to| approximately 45 p.rcent and mobility of the helmet mounted
projector is somewhat restricted due to the stiffness of the bundle. A flat
coherent fiber loptic ribbon manufactured by Galileo Electrooptics Corporation
is also being lused. A number of 6 by 6 arrays of 10 micron fibers are
arranged in a 2-meter long ribbon that is 12 fibers thick and 1002 fibers
wide. The numerical aperature is .68. Mobility is much improved over the
previously described "full frame bundle," although the irreqularity of the
fiber spacing and the number of broken fibers further reduces the resolution,
and places dark vertical stripes on the display (see Figure 5.)

13
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The second face of the fiber bundle is mounted to the helmet and arranged
to lie in the focal plane of a 15 mm. projection lens, After the projection
lens, the laser line scan encounters a closed loop, moving iron galvanometer
mirror scanner obtained from General Scanning, Inc. (model number 100PD).

Servo controlled by a General Scanning controller (moda2l number CCX-102), and’

driven by the 60 Hertz vertical sync from the CIG, the scanner mirror
deflects/sweeps the laser scan lines vertically as they are projected onto the
interior surface of the dome screen, providing the vertical scanning required
to form the completed TV raster previously referred to in Figure 5,

HEAD TRACKER
The head tracker, a SHMS III-A procured from Polhemus Navigation

Sciences, Inc., computes the observer's head pointing direction with respect

to the simulator cockpit. Known in-house as the Polhemus head tracker or
"PHT," the basic system consists of a magnetic field radiator, a magnetic
field sensor and a controller ~ the electronic systems unit. Mounted on the
observer's helmet, the small, lightweight sensor moves within a magnetic field
generated by the cockpit mounted radiator. As the orientation and position of
the helmet mounted. sensor changes, the magnetic field coupling between the

“emitter and sensor also changes.

The sensor as well as the radiator each consist of three small orthogonal
coils. Excited sequentially by a 10.6 kHz. frequency burst, the radiator pro-
duces three magnetic fields whose axes are orthogonal to each other. Each
orthogonal radiator coil emits a magnetic field for a small period of time
and, during the time the field is active, each one of the sensor coils is

sampled.

The field generated by the active radiator coil is symmetrical about an
axis that coincides with the axis of the radiator coil. The orientation and
position of each sensor coil within the generated field determines the amount
of current induced to flow in the sensor coil. By performing a mathematical
operation upon the signals obtained from the three sensor coils, the sensor’s
orientation relative to the axis of the emitting field can be determined. Its
position relative to the axis is not yet fully determined due to the symmetry
of the field about the axis. This operation is performed three times, once
for each field generated. When the above operation has been performed for
each of the three radiated fields, the position and orientation of the sensor
relative to a three axis coordinate system can be determined.

The sequence which determines the position and orientation of the sensor
relative to the radiator is an iterative process which is initiated by the
vertical sync signal once every 16.7 ms. Figure 6 depicts the process in a
general fashion,

10. 1ibid., p. 18.
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The magnetic field generated by a radiator (oil oriented along the *“Xx*
axis (the observer's forward axis) for instance, can be described at some
arbitrary point as a vector referenced to the radiator coordinate system. The
sensor, which happens to be located at that point, will have different cur-
rents induced in its coils by the field. These currents will describe the
vector in terms of the sensor coordinate system. Each time a radiator coil
becomes active and generates a field, it is described by the sensor coordinate
system, arbitrarily located at some point within the field, as a vector.
After the three fields have been emitted sequentially, and described in terms
of three vectors referenced to the sensor coordinate system, they are operated
upon by an inverse magnetic field transfer function,

For simplicity, the inverse transfer function will not be described in
any great detail. Instead, it will be described as a mathematical operation
that is a function of sensor position (alpha and beta) and orientation (psi-
azimuth, theta-pitch, and phi-roll) with reference to the radiator coordinate
system, For a given current, driving a radiator coil with some fixed dimen-
sion and number of turns, there is an associated magnetic field. This field
can be fully described, using a suitable coordinate system, as a vector at any
point distant from the coil. In a like manner, the three orthogonal fields
generated by the radiator are also fully describable at any point with refer-
ence to the radiator coordinate system. Suppose a second moving coordinate
system, the sensor coordinate system, is introduced. ‘As long as its orienta-
tion and position with respect to the fixed radiator coordinate system is
known, the field vector can also be described in terms of the moving sensor
coordinate system. Figure 6 depicts a mathematical operation on the vector
which is in terms of the radiator coordinate system. The output of this oper-
ation is the vector in terms of the sensor coordinate system. The operator is
the transfer function “T" which is a function of position and orientation of
the sensor with respect to the radiator. If the output of the previous opera-
tion is operated upon by the inverse transfer function, *T-1", the result is
the vector with respect to the radiator once again. In effect, the inverse
transfer function has undone the previous operation.

Looking at Figure 6 once again with particular attention to the process-
ing sequence, the vectors as referenced to the sensor are multiplied by the
last known correct inverse transfer function, using the last known alpha,
beta, psi, theta, and phi. The output of thq operation, if the position and
orientation are correct, is the characteristic field known to be emitted by
the radiator. If the last alpha, beta, psi, theta and phi are incorrect, the
outputs are not the correct field vectors with respect to the radiator, and
the difference is linearly related to the true alpha, beta, psi, theta and

16
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phi. The new position and orientation angles are computed and output, and the
inverse transfer function is updated for the next iteration. Range is deter-
mined by adjusting the current to the radiator coils and/or sensor gain in
such a manner that the vector measured by the sensor always has some constant
length. A more rigorous treatment of the processing sequence may be found in
. Reference 12.

"In the HMD system, the sensor is mounted on the helmet and the radiator
placed immediately behind the cockpit seat. Hence, sensor orientation is
analgous to head orientation or more concisely, HPD.

. As previously described in the section entitled "Image Generator"
(page 12), thc cockpit referenced HPD is used by the CIG to compute the
observer's line of sight. Although both position and orientation of the
sensor are provided by the SHMS 1IIA, only the sensor orientation is used to
determine the observer's line of sight. Strictly interpreted, this simplifi-
cation is not mathematically correct. It is simply expedient, since in the
case of the feasibility model, the extreme range at which objects within the
data base are typically viewed precludes the visual effects of minor head
translation.

‘Because the head trackina system relies upon magnetic field coupling,
there are limits to the extent of the radiator/sensor separation. This 1is
referred to in Polhemus literature as the "motion box.* The range extends
16 inches forward of the radiator (X direction), plus or minus 8 inches from
side to side (Y direction) and 8 inches downward from the radiator (Z direc-
tion). Operation outside these limits results in performance degradation.
When the head tracker is installed in the Helmet Mounted Display Feasibility
Model, the following performance specifications are met:

STATIC ANGULAR ACCURACY

plus or minus .5 degrees at 50 percent CEP

(50 percent of the t1me, the output is w1th1n
4/~ .5 degrees)

ANGULAR JITTER
1/10 degrees peak to peak (roughly
equivalent to 1 bit out of 12 bits)

12. Raab, Fredrick H.; Blood, Ernest B.; Steiner, Terry 0.:; and Jones,
Herbert R. Magnetic Position and Orientation Tracking System, in IEEE
Transactions on Aerospace and Efectronic Systems, vol. AES-15 No. &,
September 1979, pp. 709-718.
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UPDATE RATE

synchronized to CIG 60 Hertz video field
rate (SHMS IT1A can free run at faster rates,
however, cycle time is irregular)

DYNAMIC ANGULAR ACCURACY

for normal head rates (600 degrees per sec
or less) essentially defined by the number
of degrees that the head moves during the
16.7 ms. required to compute HPD.

Formatted serially, the digital data consists of six 17-bit words output
in the following order: yaw, pitch, roll, X (forward dirc:tion from the radi-
ator) Y (lateral movement), and Z (vertical motion). Tne first 12 bits of
each 17-bit word are significant data, the next 4 are noise, and the last bit
is a parity bit. The hexadecimal values for the rotational data are as

follows:

HEX VALUE
CO00Hex 8000Hex 4000He x
Yaw Right 90 degreeS Center Left 90 degrees
" Pitch Up 90 degrees Center Down 90 degrees
Roll Right 90 degrees Center Left 90 degrees

About 14 to 15.5 ms. after the initial sampling procedure, the SHMS III-A
provides a “data ready" pulse. This is a signal to the interfacing hardware
that the processing is complete, and the head pointing direction (HPD) data is
available. In the current configuration, the in-house designed interfacing
hardware clocks out the data before the beginning of the next sync pulse
(vertical sync) which occurs every 16.7 milliseconds (see Appendix). This
sync pulse starts a new HPD data gathering cycle. During operation, the head
tracker delivers HPD data at & 60 Hertz rate with a delay of approximately one
field time between the sampled HPD and the HPD data output.

18




NAVTRAEQUIPCEN 1H-338

IMAGE LAG COMPENSATOR

During the development of the feasibility model, th2 problem of scene
instability quickly became apparent. Without compensation, due to the time
required for head tracker and CIG computations, there exists an error in image
placement during head motions. Since the problem is especially apparent
during a rapid head movement by the observer/pilot wearing the helmet mounted
projector, the solution to this problem came to be known as Rapid Head Motion
Compensation (RHMC). The compensation mechanism involves the use of a micro-
processor with software that controls the relative projection angle of the
imagery from the viewer's helmet in response to image displacement error.
Change in the 1image projection direction is accomplished via offsets input
into the vertical and horizontal sweep of the laser video projector. In this
section, an examination of the cause, effects, and the solution devised for

scene instability will be discussed.

The problems that arise from rapid head motions are due to the discrete
sampling of the head pointing directions and the finite time involved in
providing an updated image via the CIG. This results in an image placement
error coinciding with head motion and is manifested in an apparent motion of
what should be stationary objects in the subject's FOV. With no compensation,
objects appear to "swim" during the start and finish of a head motion and are
displaced during the actual head motion.

Consider the viewer to be at some stationary position within the data
base. Further, consider the head of the .iewer to be stationary with an image
projected cnto the screen from the HMD. Objects within the displayed image
are stable ags long as the viewer does not move his head because the displayed
image is being computed and displayed for a fixed line of sight. Returning to
Fiqure 3, when the viewer changes his head pointing direction (HPD), at the
start of field “0," the head tracker doesn't compute a new HPD until just
before the next vertical sync. This new set of yaw, pitch, and roll data
reflects the HPD of the viewer at the sampling time, not at the time of the
HPO output. The time between the sampiing and output of the HPD data, one
field time or 16.7 ms., is one source of delay in updating the image. Another
source of delay in updating the image after the occurrence of a head motion is
the time required for the CIG to take in new head pointing data and then to
compute an image based on the new viewer line of sight. As previously des-
cribed in the "Image Generator" section, the CIG requires 4 fields to generate
and display the image.

If the viewer has moved his head during the five field times that occur
between HPD sample time and the display of the image based on that sample, he
will observe an incorrectly displayed image. A 5 field, or 83.5 ms., time lag
exists between the old line of sight the image is created for and the current
line of sight the image is being projected towards.

19
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To visualize the effects of the 83.5 ms. time lag, suppose that the
projected image contains a tree as an object in the center of the display.
Without compensation, a head motion to the right of 2 degrees during the ahove
time interim between sampling and display will result in the tree also moving
2 degrees to the right. All objects in the image will retain the same orien-
tation they had before the head motion and the scene will be incorrectly
displayed until the process of computing a new HPD and subsequent CIG image
display for the new line of sight is. completed. When the viewer completes the
head motion, the tree will at that moment be displaced to the right followed
by a gradual movement of the tree to the left as the CIG generates the correct
image for that particular line of sight. Obviously, this effect can be very
disorienting to the viewer, for trees should be rooted in the ground and
stationary. Not only objectionable from a subjective standpoint, it is highly
probable that an improperly placed image can result in negative training cues
to the prospective trainee. As a consequence, it is desirable that the image
lag be reduced to some tolerable level,

The Rapid Head Motion Compensation System reduces the previously des-
cribed image delay problem. Essentially the hardware, under software control,
moves the raster in such a manner as to keep objects in the FOV from moving as
the pilot changes his HPD, The RHMC system performs compensation based on the
current HPD sample compared with the HPD that was used to compute the image to
be displayed next., The difference between these HPDs is massaged by software
and sent to raster shifting hardware to shift the projected imagery horizon-
tally and vertically opposite the direction of head motion. The system
attempts to place the display physically along the old line of sight it was
created for. . _

For the HMD feasibility model, the angular error in line of sight amounts
to the movement of the viewer's head over five video field times. The soft-
ware that corrects this error has been named “STHPREV," referring to the
number of video fields delay involved. The software is written in 8085
assembly language and is designed to provide raster shift values within the
timing restraints shown in Figure 7 (see Appendix A for flowcharts and addi-
tional detail). This timing diagram shows the initialization of the PHT data
gathering and calculation cycle by the vertical sync of the video, followed by
a "data ready” some 15 milliseconds later. The software then takes the HPD

from the PHT data controller (see Appendix A) and, after processing, outputs

the raster shift values before the next vertical sync. In general, tne pro-
gram is configured to allow compensation for any number of *“fields* delay
(depending on the specific CI1G delay) and is referred to as "NTHPREV.“
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Figure 7. RHMC Timing Diagran,

A graphical jllustration of the effects of compensation on the display is
provided by the graphs in Figure 8. Consider the simulator cockpit to be
fixed at some point within the environmental data base used to create the
visual display and for simplicity, consider all angular motion relative to the
simylator cockpit. In the first graph, an arbitrary horizontal head movement
by a viewer wearing t“e helmet mounted projector is followed one field later
by the head tracker output. Three fields after the head pointing direction
(HPD) data is made available, the CIG completes the processing, and during the
fourth field, the generated image is displayed. Since the projector is physi-
cally attached to the observer's head, the projector heading (i.e., its pro-
jection axis) is identical to the viewer's head pointing direction. In the
graph the first curve to the left represents actual head motion, the second
curve, the PHT output, and the third curve, the angular heading for which the
image being displayed was ca'culated. The vertical separation between the
viewer head motion curve and the CIG image heading curve represents the uncom-
pensated angular image lag, which the viewer observes as an incorrectly posi-
tioned image. As previously mentioned, the image lag is equivalent to the
angular distance traveled by the head during 1ive TV fields or 83.5 milli-
seconds.

The second graph in Figure 8 depicts the operation of the rapid head
motion compensation system. It can be understood as follows: since the image
lag amounts to five fields of head travel, the heading of the helmet mounted
projector needs to be shifted back five fields of head travel in order to
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~coincide with the heading of the displayed image. The projector heading is
changed by offsetting the position of the horizontal line scan. The offset is
performed during the vertical blanking interval just prior to actual display
of the image. The most recent head position information available is received
just before the occurrence of vertical sync. The difference between the most
recent HPD data and the fifth previous piece of HPD data amounts to the
angular change in head position over five fields. Essentially then, the pro-
jector heading is changed using the most recent five field head position
change available. This operation is graphically illustrated by noting that
the five field difference "DIFF 5" (see Appendix A, RHMC Software) is added to
the actual head position at the beginning of the display field via horizontal
raster shifting., This produces a compensated projector heading, where the
difference between the compensated heading and the CIG image heading is
angular discrepancy still remaining after compensation. Note that although
the compensation is not perfect, the remaining image lag is considerably less
than the uncompensated image lag, and the image is gencrally compensated when
the viewer's head has completed the motion.

|
- Further information detailing the implementation of both the software and
the hardware in Rapid Head Motion Compensation can be found in the Appendices
of this report. ' o
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SECTION 1V
OBSERVAT IONS AND CONCLUSIONS

It's clear that neither fiber optic bundle transmits a totally acceptable
line scan., The full frame bundle, utilized becaused of its in-house avail-
ability, offers many redundant rows of fibers on which a2 line scan can be
focused. Still, finding a row or group of rows which has no broken fibers is
impossible. Unlike the full frame bundle, the ribbon bundie provides improved
mobility, but at the expense of unevenly spaced fibers, a quantity of borken
fibers and poorly polished fiber ends. Despite these contrary observations, a
coherent fiber optic ribbon bundle should be available and suitable for future
use with development of appropriate manufacturing techniques.

- The Acousto Optic Beam Deflector (AOBD) produces an unevenly focused,
non-linear horizontal line scan. This is due to the VCO's inability to supply
a linear frequency chirp with a power variation of less than * 2db. Power
variation results in a line scan that varies in brightness. Non-linearity in

- the chirp produces a non-linear line scan that varies in focus.  Attempts were
made to linearlize the line scan by suitably shaping the ramp signal that
served as the input to the VCO., One promising method involves the use of a
fast digital to analog converter. The in-house efforts, however, met with
littie success. At present, the best alternative seems to involve the use of
a high speed, rotating scamner mirror system manufactured by Speedring, a
division of Schiller Industries, Inc., which is now planned for use in the
Visual Display Research Tool.

The display distortion and lack of resolution was judged objectionable by
most viewers. Display distortion was far more than the typical viewer would
observe on his own home television although exact measurements were not made.
Figure 9 shows a test grid as displayed by the HMD system, The distortion
occurs both vertically and horizontally, although the horizontal distortion is
more extreme. The resolution was determined to be approximately 200 TV line

pairs under the most optimal conditions.

The head tracker utilized is acceptable for this particular visual dis-
play. Some minor modifications were made which reduce the HPD data filter-
ing. This decreases the settling time for small angular step changes but
increases the jitter in the HPD data. Since the resolution of the feasibility .
model's display is low, the jitter is not directly observable by a subject
wearing the helmet. In order to preserve the resolution of the imagery
presented by the follow-on VDRT, it has been determined that a head tracker .
with at least 14-bit accuracy or better is required to keep the jitter at a
pixel or sub-pixel level. If the helmet mounted sensor and cockpit mounted
emitter are properly placed, the aluminum housing of the projector (a moving
metallic mass) does not appear to significantly affect the accuracy of the HPD
data. Generally, it is felt that the absolute accuracy of the head tracker is
less important than its ability to resolve small angular changes and provide
low noise data rapidly.
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The overall effect of the RHMC system is an increase in scene stability
during head motions of the observer. During the testing, tweaking and evalu-
ation of tne feasibility model, many people viewed the display with RHMC both
operational and non-opecational. With the compensation system functioning,
most indicated the image lag was not directly observable; when the compen-
sation system was switched off, all viewers were acutely aware of the swimming
effects caused by the lag. Those intimately familiar with the system could
cause lag effects simply by exceeding the shifting capability of the RHMC
system. Although a cause of concern at first, no compensation was provided
for head roll. It seems that most viewers were incapable of achieving roll
speeds at which the effects might be observable or, the display was too small
to observe them. No roll compensation is planned for the VDRT.

Several major issues remain unresolved. An eye tracker will be required
in the VDRT; yet, there is no known method which combines the properties of
rapid update and unobirusive measurement. Raster shifting will produce some
display distortion when used in a wide FOV system (such as the VDRT). The
distortion correction, if any, that may be required of the CIG remains to be
determined. One additional issue concerns data base modeling. In the VDRT,
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objects within the environmental data base will consistently be making the
transition from the low resolution IFQY, where they are modeled in relatively
low detail, into the high resolution AOI where they become high detail
models. The blend region around the AOI should reduce the problem somewhat,

but unfortunately, the change in detail will take place in the motion sensi-
It is not clear at this point how

tive peripheral viewing region of the eye.
to model objects within a data base to make the transition unobtrusive. Still
more investigation and research is needed for answers.
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APPENDIX A
RHMC SOF TWARE

The software for RHMC has two functions. One function is to keep a
record of past HPD values and then to calculate the required amount of raster
shifting for proper image placement. This function is interrelated with the
PHT and CIG video timing, with the vertical sync of the CIG video being the
master timing signal for the software and PHT. The second function is essen-
tially transparent to the logic flow of the software and concerns the loading
of three data buffers for the transfer of HPD data to the CIG.

The software has several tasks in order to accomplish raster shifting.
First is the initialization and updating of two tables in RAM for the storage
of past and present HPDs. These two tables, one each for vertical and hori-
zontal data, are shown in Figure Al. The most recent (or present) values,
W-0, are placed at the top of the tables and moved down to the W-1 position
when a new HPD data set is obtained. This downwards movement of an HPD value
in the tables continues each time a new data set is obtained (W-1 to W-2, W-2
to W-3, W-3 to W-4, W-4 to W-5) until the data is no longer needed and is
discarded. [Initialization of the tables is performed by subroutine TABLESET
which loads the boresight values (zero degrees) into the two tables. The
downward movement of the table values is accomplished via the subroutine FIFD
during the time that the PHT is calculating the new HPD values.

The length of the tables determines the number of HPD values to be
stored, and at the same time, implies the number of field times delay for
which the program will compensate. For a five field delay in PHT to CIG image’
presentation, the tables must store the five previous HPD samples plus the
present sample for a total of six HPD words per table. The error in image
placement, for an exact five field delay, is simply the difference between the
present sample (W-O) and the W-5 sample. With the present sample always at
the top of the table and the fifth previous sample always at the bottom, the
error value is found by subtracting the last word in the table from the first

“word. Below each table there are two reserved bytes of RAM that are used to
store the sign of the angular error and the value of the shift word to Qe sent
to the output DACs for shifting the raster.

|

Figure Al also shows the reserved RAM areas for a table of input ka]ues
which are used to determine the length of the HTABLE and VTABLE and to set up
needed constants. The values (H or V)INITIAL and (H or V)FINAL are the|first
and last RAM addresses used to store HPD samples (2 bytes per sample).| For
: five fields delay and the required six sample storage, 12 bytes are needed per
i table. In the figure, the HINITIAL value is 2020hex and HFINAL is 202Bhex.
: The (H or V)SOURCE values are used by FIFO to point to the first byte to be
moved two addresses downward, with the (H or V)INITIAL values indicating the
last byte to be moved. Constants in the Input Table are as follows:
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INPUTS
2000 [ 20 2020
2001 [30-]} HINITIAL 2021
2002 | 30 2022
)2 VINITIAL
2003 | 20 } 2023 .
2004 | 29 2024
HSOURCE
2005 | 20 * 2025
2008 {30 1, \eqynce 2026
2007 | 20 2027
c2008 £28 1} \cinac 2028
2009 | 20 | 2029
200a | a8 202A
VFINAL
2008 | 20 } 2028
200c [ oD | HCONTROL 202C
2000 | o0 | VCONTROL 202D
200 | A7 | HCENTER - 202E
200F [ A7 | VCENTER 202F
2010 | 00 1} nzero
2011 | so
2012 | 00
VZERO
2013 [so 1! 2030
2014 MASK VALUE 2031
2015 | 3B | HMAX 2032
2016 [ 38 | VMAX 2033
2017 | 2034 |
2018 2035
2019 2036
201A 2037
RATCH1
2018 } sc 2038
201C | scraTcHz 2039
201D 203A
201E 2038
201F 203C
2030
203E
203F

HTABLE

e o W <=

e H W =y

o ) W5 vt

L"ﬂw:'f" |

F—HW, e

L HW.—

SIGN
HSHIFT

Figure Al. NTHPREV Reserved RAM Inputs and Tables.
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provides for the fine adjustment of shift values
sent to DACs {see subroutine ADJUST).

(H or V)CO_NTROL

(H or V)CENTER

[}

centering values for raster to be sent to the
DACs. :

(H or V)ZERO

the boresight (or zero degree value) used to
initialize the tables. '

 MASK - value used in setting 8085 mask for interrupt
priority.

limit the shift values sent to the DACs (must be
set less than 3Bhex). A :

(H or V)MAX

There are also four bytes reserved below the Input Table for temporary storage
purposes designated as SCRATCH1 and SCRATCH2.

~Once the HTABLE and VTABLE are initialized and an update is received from
the PHT, the process of computing the two 8-bit words for controlling the
raster placement on the target plane of the projection lens begins. - This
process is performed b’ subroutines HSHIFT and VSHIFT for the horizontal and
vertical offset values. Referring to the flowchart for HSHIFT in the appen-
dices, the first step is to find the difference, HDIFF, between the present
and fifth previous horizontal samples as explained previously. The next step
is to use the HDIFF value to calculate the HSHIFT offset value.

The HSHIFT value is dependent on the target plane raster size, the pro-
jections lens, and the reference voltage for the DACs. The HSHIFT value for
the laser based HMD system is calculated according to the focal length of the
lens and the required displacement of the raster to effect an angular shift of
the projected image equal to the HDIFF value. Suppose that the HDIFF value
represents a l-degree movement of the viewer's head. This corresponds to a
16-bit value of 00BOhex (or 176decimal) for HDIFF. HDIFF must then be scaled
to the proper value which will shift the raster horizontally on the target
glane and result in an angular shift of the imagery being projected by

degree.

To find the scale factor for the horizontal channel, the 8-bit word
required to displace the raster line one quarter of its length was experi-
mentally determined to be 32hex or S50decimal. Knowing the focal length
(8 mm.) at the target plane, an offset of 32hex results in a 7.6 degree shift
of the projected imagery. This corresponds to a 0.15 degree shift of the
image per unit offset increment sent to the horizontal digital to analog
converter (HDAC). Therefore, to shift the image by 1 degree, an offset value
of approximately O7hex is needed. Hence, a scale factor of 1/26 decimal is
needed to scale the HDIFF value of 00BOhex to its proper value of 07hex before
being sent to the HDAC. However, due to the limited instruction set of 8085
up, division by 26 is not directly accomplished. To solve this problem, the

29




NAVTRAEQUIPCEN IH-338

direction taken was to add a percentage of the HDIFF value to itself (in the
form of N*HDIFF/32 or N*3 percent of HDIFF) and then to divide this new
adjusted HDIFF, NHDIFF, by 32 (by shifting NHDIFF 5 bits to the right) to
effect an approximate division by 26. This adjustment is performed by sub-
routine ADJUST, which also allows minor adjustment in the RHMC shifting to
account for delays which are not integer multiples of field times. After the
magnitude of the horizontal offset value is found, the sign of the angular
difference is used to determine whether to add. or subtract the offset value to
or from the raster centering value. This decision determines the shift direc-
tion to be either to the right or left depending on the direction of head

motion.

The VSHIFT value, however, is not dependent on the projection lens or the
raster size. This is due to the fact that the angular shifting of the image
_ in the vertical direction is performed by offsetting the central positioning

of the frame scanning mirror, which is located after the projection lens.
Here, the 8-bit word required to shift the image in the vertical direction by
4 degrees was experimentally determined to be l6hex (or 22decimal), resulting
in a 0.18 degree shift per unit offset sent to the VDAC. These constants
indicate that the scale factor for the vertical channel should be 1/29deci-
mal. Once again, the ADJUST subroutine allows for an effective approximate
division of VDIFF by 29 and minor adjustment of the shift value magnitude.
When the VOFFSET magnitude is calculated, the sign of the angular difference
is used to determine whether to add or subtract the VOFFSET magnitude to or

from the vertical raster centering value.

The overall effect of the RHMC system was an increase in scene stability
during head motions of the observer. Once the system had been incorporated
into the HMD, subjective experiments were performed to fine tune the compensa-
tion effect by varying the control words for the ADJUST subroutine. These
control words were found to be valuable in adjusting for changes in the focal
length of the final projection lens, as well as for their intended use of
providing a means to compensate for CIG-PHT delays that are integer multiples

of a field time.

Sometime just before or during the pending vertical sync, the RHMC pro-
gram finishes calculating the two 8-bit words representing respectively the
horizontal and vertical raster shift (HSHIFT and VSHIFT). Then the system
enters a loop and waits for the next occurrence of vertical sync (7.5 inter-
rupt); when vertical sync occurs, the program responds by outputting the two
8-bit words to the horizontal and vertical digital to analog converters (HDAC
and VDAC). The voltage output of the DACs control the extent of the raster
shift required. The output of the HDAC frequency shifts the chirp that drives
the acousto optic beam deflector (AOBD), causing an offset of the horizontal
line scan. Shifting the helmet mounted mirror scanner with the VDAC raster is
done only during the vertical retrace time (i.e., during the vertical sync).
By introducing a shift during the time that the video is blanked, the whole
raster is shifted as a unit and tearing or separation of the displayed raster

is avoided.
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RSSO F2 LPREV SRC DEBUG MOLSS

IS1S-11 9B888/8885 MACRD ASSEMBLER. V2 @ LPPLY
L %) LINE SOUPCE STATEMENT

i NE  LPREY
2 ’
3.
‘ !
5. UPDATED FOF LASEP PPOJECTOR JLY 2 1981
:
8.
9.
19 ;
1. :
12 SERF LSRN EITENTASE
13 . ] 1 4
14 ; ’ LPPEY .
15 . ’
6, TesRARSTERIRR SIS
17,
18 ;
19
2 THIS PROGRAM 1S R MODIFICATION OF NTHPPEY FOP THE LPSEP CISPLAY SYSTEM

- - o

NTHPRY 15 THE MAIN PROGRAM FOP PRPID MEAD MOTION COMPENSATION THE FROGPAN COMPENCRTES
FOR CIG DELAY TIME IN THE PHT-CIG-VIEMER LOOP THE BRSIC ALGOPITHM LKES TME

DIFFERENCE IN HERD RZIMUTH AND ELEVATION FPOM THE PPESENT VIDEC FIELD T0 THE
NTHPREVIOUS FIELD THIS DIFFEPENCE IS USED VO OFFSET THE PRETER IMAGE NPPOCITE

THE DIRECTION OF HERGING CHANGES (VERT. AND HORIZ OMLY»

- e

THIS OFFSET 1S ADJUSTRBLE YIA THE EQUATIN

OFFSET = DIFF +- N v (DIFF/16?

2

WHERE N 1S A CONTROL VALUE WITH AN ALLOWED PANGE OF += 28 S0P ERCH INCIVIDURL OFFCET
¢ SEE SUBROUTINE ADJUST ).

THE SHIFTING OF THE RASTER IS ACCOMPLISHED BY CHAMGING THE “EPTICAL AN[- HOPIZINTRL
SYNC SIGNALS DURING THE VERTICAL PETPACE TIME THE AMOUNT OF OFFSET IS LIMITED BY
HIAX AND YMAX YALUES WHICH SHOULD BE SET AT A MAXIMM OF 0L DECINL
BEFORE RUNNING THIS PROGPAM EE CERTAIN THRT THE PESERVED PAM LOCATIONS ARE FILLEL

AESUESRUEE R SBRNRARNNN
\

- e e e e

a2 NITH THE PPOPER INFORMATION THAT DEFINE THE STOPAGE TABLES. C(ONTPOL YALUES. AT
“; MRXIMUM SHIFT VALUES. THIS mAY BE DONE VIR SUBROUTINES INT4. INTS. OR INTE
45
46 $EJECT
31
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NTHPREV

‘ START ’

y

=

Y

SET I

STACK
POINTER
¥

INITIALIZE
STORAGE ~=«- VIA TABLESET:

TABLES

Iy ]

LOAD
RESTART
INSTRUCTIONS

y

CENTER J

RASTER

RESET

VSYNC
TRIGGER

) 1

RESET S/P
.| INTERFACE

NOP emae=« WAIT FOR 6.5 INTERUPT
LOOP #1 {PHT DATA READY)

32
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¥

RESET
VSYNC
- TRIGGER

RESET
INTERUPT
MASK

LOAD
HORIZONTAL
DATA

4

REQUEST
VERTICAL
DATA

4

INDICATE
VERTICAL
DATA NEXT

L

LOAD
VERTICAL
DATA

|

/

REQUEST
ROLL DATA
NEXT

¥

INDICATE
ROL! DATA
NEXT

33

WAIT
FOR
VSYNC

A 4

LOAD
ROLL
DATA

4

CALL
VSHIFT:

A

STORE
VSHIFT

4

CALL
HSHIFT:

Y

STORE
HSHIFT

y

SET
INTERUPT
MASK

1

NOP
LOOP #2

o e

PPN
— y—
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vy
MOVE

HSHIFT TO
HDAC

Y

A
MOVE
VSHIFT TO
VDAC

' ...VERTICAL AND HORIZONTAL
SYNC OUTPUT

ROTATE
TABLES

—

|

4

RESET S/P
INTERFACE

I

---VIA FIFO:

RESET VSYNC
TRIGGER
] A
SET ..RESET 7.5
INTERUPT ENABLE 6.5
MASK
ACC<0 . .- INDICATE HORIZONTAL
NEXT
¥
~ RETURN
34
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1¢15-11 80088/8065 MACRO ASSEMBLER, V3. 0 LPREV
LoC 08J e SOURCE STATEMENT
4,
48 ;
4 EXTPN  TBSUB, D1V32, DIVL6, ROJUST. TBROD. MAX, TBLSET. FIFO, PEGOUT

58 EXTRN  MESS, STOREL STK, INPUTS, HINITL, YINITL, HORC, YSRC, HFINAL. YFINAL

51 EXTRN  HCONTR. YCONTR, HCENTR, YCENTR. HZERD, YZERQ, HFDX, YMAX, SCRCHL, SCRCH2
b4 EXTRN  HINPUT, VINPUT, RINPUT, GETELY, RSTSP, YSYNC, HDAC. YDRC. FIRST

kX EXTRN  PST658, PSTESR, RST7SE, RST790

1) A

>}

35 ;
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0823 270000

52 2zgaas
i

232 38
5§l

b~

35333 B
%88833

mmMmmm

mmmm

m

momm

momm

mm

<

333

mmm

LIN

3

- -

~- -

83*3283??882882888833233.‘31‘3333&32:8:32&3&83&%&

-

:
2

164 SEJECT

NAVTRAEQUIPCEN IH-338"

LPREV

SOURCE STATEMENT
CSEG
b1 ;% DISAELE INTEPRUPTS v
Wl S ;SET STACX POINTER

LI HFIRST ,LORD RESTRRT 6.5 INSTRUCTIONS
SHD  RSTES8
IXI W ISEG , AODRESS OF MAIN PROGRAM SECMENT
SHD  RSTER o
X1 HFIRST ,LORD RESTART 7.5 INSTRICTIONS
SHD RSTTSE ,
Wl RWTLT . FODPESS OF SYNC OUTPUT SEGMENT
D  RST7S8
LD  NZERO
YCHG
WA FINL
LMD  HINITL , .
AL TBLSET ; INITIALIZE HTRELE WITH HZERO
LD  VZERO :
XCHG '
WA VINL
LD VINITL .
CAL  TBLSET ; INITIALIZE VIRBLE WITH VZERO
LR HCENTR

STR - HORC ;SEND CENTER YRLUE TO HDRC
LA VCENTR ‘
STA  YORC ;SEND CENTER YALUE TO YDRC
STA  RSTSP . ;RESET SERIAL TO PARALLEL BORRD.
STR  YSWC ;AND YSYNC TRIGGER
WL A DM

s ;SET INTERUPT MASK

PECET 7.5, UNWRSK 6.5
Y ; INDICATE HORIZONTAL FIRST (ACC=0)
B .
NP ;= LOOP §1 ~— MAIT FOR DATA RERDY
NP
NP ;WRIT FOR 6.5 INTERUPT
™ Lot . S THEN G0 TO MRIN SEGMENT
s eoweee MAIN SEGHENT sewess

Pl oM ;IF A = 8, HORIZONTAL DATA
VR ;1 ACC = 1, VERTICAL DATA
1 e ;CHECK FOR ROLL DATA
R R ;1F ACC = 2, ROLL DATA




ISIS-11 90680/8885 MACRO RSSEMELER, V3 @

Lo 08)

0000 73

5333833287 BRaugseans
umm:;magmg saggamv:aw

LINE

185

106 ;

187 RSET:
108 ;

109

110 ;

3
g .
~

EEEEEREEE

EERRREERERERRREERRER

NAVTRAEQUIPCEN IH-338

LPREY

SOUPCE STATEPENT

:SET WP T0 GRAB NEYT VEWC

STA  vom ;RESET VEWNC TRIGEEP

WL RIDH ,

3] - RESET 7 S.ENBLE €.5
LD HINPUT ,

YCHG ;(D,E) - DATA FROM PORT
LD HINITL SGLL) - HINITIAL RODRESS
v ME

N

Wy AD ,ACC GETS MI BYTE OF HINPUT
oo : )

o  COMPLINENT MSB OF HINPUT
RAR

MY RA ,STORE MI BYTE OF HINPUT IN MTPELE
SR GETELY ,SEND GET ELEVATION SIGNAL
Wl A8 ; INOICATE VERTICRL DRTA NEXT
3 ;ENELE INTERWPTS

RET ;N0 RETRN TO LOOP

LD vINUT ;VERTICAL INPUT SEGENT
XCHG ;0. E) = VERTICAL DATA
LD VINITL (WL - YINITIAL ADOPESS
MY ME ;STORE LO BYTE OF VINPUT
I H ;POINT TO NEXT LOCATION
MY AD o

RAL

o ; COMPLIMENT MSB OF VINPUT
m .

Y ,STORE HI BYTE IN VTRBLE
Wl ReM  ; INDICATE ROLL DATR NEXT
SR GETELY ;REQUEST ROLL DATA FROM PNT
3 ;ENBLE INTERWPTS

RET ;RETURN TO LOOP #2

LD RINUT ;ROLL INPUT SECTION

¥CHG S (D,E) GETS ROLL DATR

X1 H2BEH ; (HL) CONTRINS STORAGE RDDRESS
v RE ; STORE LO-BVTE OF POLL
m H ;POINT T0 MEM. 204F

NV AD

RAL

o  ;CONPLIMENT MSB OF RINPUT
RAR

oV

na +STORE HI-BYTE OF RINPUT

37
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1S1S-11 586879885 MACRO RSSEMBLER. V3.8 LPREY
e 8 LI SOURCE STRTENENT
155 CRLCWRTE SHIFY VALUES (VERTICAL AND HORIZONTAL oY
1% )
009C 270000 E 157 tHd  VINITL
0% B . 158 YOG ' (D, E> POINTE TO VINITIAL AODRESS
0on0 2n00e8 . € 139 b  WINL ;G LY POINTS TO v WORD FINAL .
08F3 2B 168 X L
o0 COF7R ¢ 6L CALL  VSHIFY " CALCULATE YSHIFT YALLE
08R? F3 162 fPUSH P ; SRVE YSHIFT IN STX
163 ;
008 20008 E 164 W HINITL
. 0BfB €8 165 XHG (D, E) ~ HINITIAL RDOPESS
00, M0008 E 166 LD WML ;GLLY - W NORD FINAL ADDPESS
00FF 2B/ 167 Dex N
0008 mmt ¢ 468 CALL  HSHIFT ; CALCULATE WSHIFT YALLE
9063 S 169 PUSH PSH ; HGHIFT T STY
C &
0884 3E08 1 wi R, B8 i '
9866 38 {2 Sin (ENRBLE 7 5 INTERUPT (VoWNO?
; 173 v
goe? Fi 124 PoP P ;ACC CONTRINS MSHIFT
9263 B s €t ;ENABLE  INTERLPTS
; 176 ; .
9989 99 177 LO0P2: NOP s (0P §2 -
90BA 320580 18 STA 9 ; INDICRTE READY FOR QUYPUT
0080 08 179 NOP ; WAIT FOR VERTICAL SYNC
 GNRE 08 100 NP ; THEN G0 TO OUTPUT SEQMENT
906F (36908 ¢ 181 ¥ LeP2 o
i 182 ;
| 183 QUTPYT: ; QUTPUT SEGMENT FOR SYNC YALUES
. 184 ;
88C2 B2 189 POP H S PEMOVE 7.5 PETUPN RDDRESS
90C2 320008 € 186 STR HDAC SHSHIFT MOVED TO HOAC
187 ;
eoCs FL 188 POP P ;ACC CONTAING VSHIFT
0C7 320000 E 189 A [] L1 ;YSHIFT WOVED 7O YDRC
199 SEJECT
38
;
i
5.
i
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151S-11 8068/8885 MACRO ASSEMBLER, V3 @

Loc 08J

88CA 370608

|

|

08CD 47
6aCE 2n0000
eerd B
8802 2n0aRd
8205 CDAodd

0808 3A000
0608 47
880C 29008
080F EB
08E0 2P0008
08€E3 €03

90E6 320000

6E9 3t6D
00EB 38
O0EC 00 .
90D 09 .
@PEE 00
O0EF 8
00Fg 00
00F1 09
00F2 09
00F3 3t00

86FS FB
895 C9

LINE

L, |
192
193
194
195
196
97

2%

RREBCBERRESESERTIRER

B8

P72
2z
X
224

NAVTRAEQUIPCEN IH-338

LPREV
SOURCE STATEMENT
ROTATE.
LA HINITL
MV BA
LHD  HSRC
XCHG
D HIML
L FIFO
LA VINITL
WV BA
LHD  VSRC
YCHG
LD VFINL
cRL  FIFO
SR PSTSP
Wl A eOH
s
NOP
NP
NP
NP
NP
NP
NP
Wl A6
3]
RET

$TITLE ¢/ VSHIFT )
$EJECT

39

S SET UP FOR NEXT CYOLE:

.B GETS HINITIAL RDDPESS (LCY
/DB GETS HSOURCE ADDPESS
(ML) GETS HFINAL ADDPESS

i POTATE HTABLE

;B GETS YINITIAL ADORESS LO"
(D, E) GETS VEOURE ADIRESS

i (W, L) GETS YFINAL ADLRESS
; POTATE VTABLE '

,PESET SERIAL TO PRRALLEL INTERFACE

;ENABLE 6.5 INTERRUPT

; INDICATE HORTZONTRL NEXT

; ENRBLE INTERUPTS
i PETURN TO LOOPL YIR 6.5 PETURH

et D an s e e s e ey
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1S1S-11 8968/8865 MACRO ASSEMBLER, V3 @ LPREY
VSHIFT
L0C 08J LINE SOURCE STRTEMENT

R TR TR R

T W e me N e e e we % e M e e e wr e e we we .

WODIFIED FOR LASER PROJECTOR LY 2 1931
VSHIFT 1S USED TO CALCWATE THE VERTICAL SHIFT WALUE TO BE SENT TO THE VERTICAL DAC
VSHIFT = VCENTER - VOFFSET '
VOFFSET = WDIFF +~ N & (YDIFF/6)
2

VSHIFT USES SUBROUTINES : TBSUB, STOREL, DIV32, DIVL6, ADJUST, MAX.

- 243

246 ;

7 ;

248 ; INPUTS .

249 ; (D,E) CONTRINS THE RDDRESSS OF V WORD @;

258 ; (H, L) CONTRINS THE ADDRESS OF v WOPD FINAL

bo W BOTH WORDS: ARE. THO BYTE

232 ; )

253 VCENTER, YMRX, AND YCONTROL MUST BE IN THEIR PROPER LOCATION IN RAM
24 ;

255 ; QUTPUTS: ‘

2% ; NYOIFF AT SCRCHL < VDIFF +- VCONTROL#VDIFF/16 )
5 ; HOFFSET AT SCRCH2 ( NVDIFF/32 )

258 ; THE SIGN OF NVDIFF, YOFFSET IS STORED AT <H.L) + 2
29 ;. YSHIFT IS IN THE ACC. AND AT (ML) + 3

260 ;

261 SEJECT

‘1
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NAVTRAEQUIPCEN IH-338
SUBROUTINE VSHIFT

< START >

CALL
TBSURB:

&1
=1
=

-« - VDIFF = VW, - VW,

- -« VDIFF/32

ACC «— VCONTROL

Y

CALL ... - .
ASIUeT: NVDIFF = VDIFF + N*(VDIFF/32)

CALL . T = NVDIFF/32
DIVa2: VOFFSE DIFF/

SUBTRACT ADD
VOFFSET FROM VOFFSET
VCENTER TO VCENTER
L - 1

Y

s 1 mw
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‘. .  NAVTRAEQUIPCEN 1H-338
1S1S-11 9A08/000S MRCRD ASSEMELER, V3.9 LPREY
YOHIFT |
- LoC 08! LIE SIURCE STATEMENT
. 262
! 263 B
: %4 CSEG
. 265 YOHIFT: - -
007 &5 26 PSH R ,SRVE (W, L)Y WORD FINAL ADOPESS
9aFg (Doge E 267 AL TBSUB i FIND WDIFF
00FE (000G E 268 cal  STOREL (CTORE VDIFF AT SCRATCA
0oFE (00980 E 269 cAL  DIv ;VOIFF/16
21 ; ,
gtet 3momee £ 20t LR VCONR . ACC GETS YCONTROL
9104 009008 € 272 AL PONUST . MYOIFF=YDIFF 4= Ne(YDIFF/16)
s '
a107 00008 € 4 L DIvER2 VOFESET = WDIFF/32
25
108 200008 E 276 Wh YR LACC GETS MRXIMM OFFSET
a0 (D008 € W7 CRL W . CHECK FOR. MRXIMM SHIFT VRLLE
M8
110 3M0008 E 279 WA VENR
813 & 8 w CA ;T GETS YOENTER YRLLE
ai1d Bt %t pp R S VWORD FINRL FODRESS OFF STX
P oS 3 7] R
816 B Pl M ;L) POINTS T0 SIGN ADDRESS
o % 264 wv o RM <ACC GETS SIGN(B-POS , 1~NEG)
8118 FE09 25 Pl o ; COMPARE SIGH WITH ZER0
pUACRB C 206 R WNS LIF SIGN IS POSITIVE SUBTRACT
27 i VOFFSET FRON VCENTER
. W8 "
269 ;1 SIGN IS NOT ZERD DD (PLUS,HINUS, O FINISH ARE USED BY YEMIFT AHD HSHIFT)
290 ;
51 MLUS: :
\ ip 7 ) Wy A ;ACC GETS CENTER VALE
\ € 99 3 A0 8 , ,A00 OFFSET T0 CENTER
o QuF c3M4eL C 4 FINIH 1 JFINISH UP SUBROUTINE
. 25
296 MiNUS: :

- vk ] 297 wv  AC ;ACC GETS CENTER VALUE
SN 0z % 28 a8 8  QUETRACT OFFSET FROM CENTER
L 29 '

F 380 FINISH: \
B 0 3 M MW ;POINT PRST SIGN OF DIFF
¥ 0z 7 %2 m A ; STORE SHIFT YALUE
i 203 ;
{
9126 9 K RET SRETURN 10 CALLING PROGRAR
3
306 ;
387 STIRLE {’ HSHIFT /)

. 398 $EJECT
42
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ISIS-11 9889/9885 MACRO ASSEMBLER, V3.9 LPREY
HSHIFT
LOC 08J LINE SOURCE STATEMENT

309 ;
30
i
342 _
3 ; ASEETRRNEETTEEEES
34 ; . .
315 ; *  HSHIFT *
316 ; * *
U7 ; PRI FRRARRA SRS
318 ;

HEEEERRBYRRE

319 ; MODIFIED FOR LASER PROJECTOR JULY 2 1961

320 ; .
HSHIFT 1S USED 0 CALCULATE THE HORIZONTAL SHIFT WALUE TO BE SENT T0 THE HORC
HSHIFT = HCENTER - HOFFSET '

HOFFSET = HDIFF += N * (HDIFF/16)

R

HSHIFT USES SUBROUTINES: TBSUB, DIV32. DIVL6, STOPEL, RDJUST, MAY, PLUS. MINUS, FINISH

T

333 ; INPUTS:

34 (D.E)= CONTAINS THE AODRESS OF H WORD 9

339 (H, L)~ CONTRINS THE RODRESS OF H WORD FINAL

336 ; BOTH WORDS ARE 2-BYTE '

337
© 338 HCENTER, HWRX, AND HCONTROL MUST BE IN THEIR PROPER LOCATION IN PAM
S < 1 JEr ]

348 ; QUTPUTS:

34 ; NHDIFF AT SCRCHL (HDIFF +- HCONTROLHDIFF/16)
342 ; HOFFSET AT SCRCH2 ( NWDIFF/32 )

343 ; THE SIGN OF HOFFSET, NHDIFF IS STORED AT (M, L) ¢ 2 -
M HSHIFT IS IN THE ACCUMULATOR AND AT (H.L) ¢ 2
345 ;
346 SEJECT
43
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NAVTRAEQUIPCEN IH-338

SUBROUTINE HSHIFT

==+ HDIFF = HW, - HW;

Dlvsz: i HDIFF/32

ACC «—HCONTROL I

1

CALL .
ADJUST: - -+ NHDIFF = HDIFF + N*(HDIFF/32)

Y

CALL .- .
DIVSS: HOFFSET = NHDIFF/32

SUBTRACT ADD
HOFFSET HOFFSET

FROM TO L
HCENTER HCENTER

1 4

STORE
HSHIFT

y
‘ RETURN ’

. e e ¥ R TR L A TS B o S e & o
T A SRR e T e e e L e By




ISIS-11 €658/8885 MACPD ASSEMBLER. Y2 . @

HEHIFT

LOC OBy

9127 ES
0128 (De%a9
9128 CDesod

812E (D29

8131 3A8%00
8134 CDoo0E

8137 CDée@

8138 30900
813D CD2eod

8148 30809
0143 4F
8144 E1
8145 23
8146 23
8147 7
8148 FEGO
014R CR2261

814D 31081

NAVTRAEQUIPCEN IH-338

LPREY

LINE SOURCE STRTEMENT

347 ;

348 ;

349 CSEG

358 HGHIFT:

351 PSH  H (ML) SRVED IN STK

352 CALL  TESUE .CRUCILATE HOIFF

5% CALL  STOREL ;STORE HDIFF AT SCPATCHA

3

155 CALL  DIVLE HOIFF /6 '
356

357 LOR  HCONTR ;ACC GETS HCONTROL VRLUE

358 CALL  AOJUST ; NDIFFHDIFF 4=t (HDIFF 16D

359 ;

%8 CALL  DIvs2 HOFFSE, = NDIFF/22

361, ,

362 O] WX ;ACC GETS MAXIMM H SHIFT YRLUE

363 CRLL M ; DETERMINE IF MAX IS PEACHED

364 ; LERYE HOFFSET IN B REGISTER

365 LDA  HCENTR

366 MY CA :C GETS H CENTER VALUE

367 PP M iH WORD FINRL RDDRESS OFF STX.

368 I H

369 N H ;(HL) POINTS TO H SIGN LOCATION -
379 WY AN ;ACC GETS SIGN YALUE (8-PCS, 1-NEG) f
n Pl oM ; COMPARE SIGN WITH ZERO ]
372 K HINUS ; I€ SIGN 1S POSITIVE SUBTRACT o
3735 YIA NINUS THEN FINISH SUBROUTINE ;
374 ; '
375 ; IF SIGN IS POSITIVE ADD HCENTER TO HOFFSET f
376 o i
377 ® RS ;ROD THEN FINISH SUBROUTINE

378 ;

379 $EJECT

45




NAVTRAEQUIPCEN 1H-338

151S-11 86/8885 MACRQ ASSEMBLER, V3 @

HSHIFT
Loc 08J

HELLE
! HHHE i

8
T
mmmoomm

THEE

LIN
389

=2
22

333

FREBRER gRRIEs

2

LD

<
[ —
=
p—t
~
m

;
§
:

SOURCE STRATEMENT
a0

mmmmmm

3G3%4s
BE3RER3E 182183

THEE

:

i

LPREY

FIFO E 0028
HINITL E 6600
L

46

FINISH C 6124
HINITL E 0009
INPUTS € 9908
MNGEG C 08
RSET € 085
SCROH2 € 0808
VCONTR £ 0008

VSHIFT C 06F7

GETEL' € 000l
X E oeee
RINPUT E 6000
SCRCH2 E 0008
VCONTR E 0908
v € 9008
FIRST E 008
HINPUT E 0808
Lot € 8B4E
OUTPUT C eeC2
RSTESS € 0096
ol £ o
voac £ 008
YSRC € 0908

3
3 333383




NAVTRAEQUIPCEN IH-338

1SIS-11 8988/8885 WACRO ASSEMELER. V3 @ e

ADJUST
Lo 08y LINE SOURCE STRTEMENT
373
374 ; SEELEDESTRRRERINS
N ] s
376 ; » ONST =
377 . s
378 .
379
368 ;
381 THIS SUBROLITINE EVALUATES THE MATHEMATICAL EXPPESSION -
382 ; : ‘
383, Z=Xr Ny
364 ;
35 WHERE X AND ¥ ARE TWO BYTE WORDS STORED AT PAM LOCATIONS SCRATCHL AND
306 , SCRATCH2. RESPECTIVLY N IS A VARIABLE WHICH 1S PASSED 0 THE
387 SUBRCYUTINE IN THE ACCUMULATOR ; N HAS AN ALLOWABLE PANGE OF + 21
368 ; WITH THE SIGN INDICATED BY THE MSB (#7) OF THE ACC. SET TO 8 FOP
389 ; POSITIVE OR 1 FOR NEGATIVE .
399 ;
ks OH THE PESILT 2 15 STORED AT THE ORIGINAL LOCATION OF ¥ (SCPATCH 1)
392 ; :
393
394 ; INPUTS:
395 ACC CONTAINS THE VARIABLE WOPD N
3% MB AR e. . LS8 - N
397 T 76%95432108BITH
S  {(~—PANGE--) = 21
1
G
N

{ IF BIT#? = 8, N 15 POSITIVE) - |

{ IF BIT#7 = 1, N IS NEGRTIVE] :
* BITS 6 AND 5 APE NOT USED ¢ AND YALUE 1FHEX [ROPS THEM °

¥ 1S CONTAINED TN PAM LOCATIONS SCRATCHL. SCPATCHL + 1

Y IS CONTRINED IN RAM LOCATIONS SRCATIN2, SCRATCHZ ¢ 1

i me e e e we e s wme s Wmr we e we wme e

$3855888584%

»
>
g

2 15 CONTRINED IN Rt LOCATIONS: SCRATCHL (LOY FHD SCRATCHL + 1 (MDD

ERE
o
g

47




NAVTRAEQUIPCEN I1H-338

ADJUST

LOAD SCRATCH1
AND SCRATCH2

ADDRESSES

.. CHECK HI-BIT OF CONTROL

.- - MAXIMUM VALUE OF N
SET TO 31DECIMAL

-+« JTORE RESULT AT
SCRATCH1 ADDRESS

WORD (N)
¥ 11
DROP BITS DROP BITS
7.6,50F 7.6,50F
CONTROL WORD CONTROL WORD
! ¥
RETURN RETURN
IEN=0 IFN=0
3 ¥

CALL 1 N CALL

T8SUB: | > TBADD:
t
] }

CALL % i caw 1
STORE1: 4 STORE1:
N=N-1 1 N=N-1

L- ‘__<4
I ) §
RETURN RETURN
IFN=0 IFN=0
RELOAD SCRATCH1 RELOAD SCRATCH1
AND SCRATCH2 AND SCRATCH2
ADDRESSES ADDRESSES

RESULT = SCRATCH1 + N * SCRATCH2

48
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NAVTRAEQUIPCEN IH-338

1SIS-11 £886/8085 MACRD RSSEMBLER. V2 @ RS
RUJUST
e LI SOURCE STATEMENT
a4 CSEG
: 415 RONIST
@35 116008 € 416 LXI D SCPCH " (0. EY OONTRIN RODPESS OF X
998D 2100680 € 417 WX W SLRCH2 ,“H.L» CONTAIN RODPESS OF v
a“s ;
8398 17 419 RAL _POTRTE BIT 7 10 CAPPY POSITIN
9091 DARCAR (420 I NG .IF CARPY IS SET. N 1S NEGATIVE
o
422 POS'
3004 OF o e .RESTOFE ACCUMALATOR
895 E61F 2 ANl IFH .REMOVE RITS 7.6.5 (SET PANGE T0 1»
2997 (8 45 74 l' ETPN IF N =9
9% FS5 4% PUSH PSM | ;SAYE COUNTER ( 1)
427 YPLUSY. |
0999 CDGFO8 ¢ 428 CALL  TBADD. | ;2 XeV
809C (06208 € 429 CALL  STOREL | ;X =2 €215 STOPED AT ¥'S ALLPESS)
B9F F1 439 PP P ;
89R8 30 431 DR A ; ; 121-1 (DFCREMENT CONTER)
oAt C8 432 R2 j L,RETURN IF CON P = @
89R2 F5 433 PUSH P | ; IF COUNTER > ¥, THEN
00R3 110908 € 43¢ LXI D, SCROML ;RELOAD X AND ¥ RODRESSES
00R6 210009 E 435 LXI M SCROM2
B9R9 (39998 C 436 P PLSY LROD ¥ T0 X RGAIN
' a7 ':
, 438 HEG |
0 oF 439 RRC | ; RESTORE ACCUMLATOR
89FD E61F 449 ANl P ,REMOVE BITS 7.6,5 (SET PANGE T0 21)
006F (8 “1 R2 iRETURN IF N =0
@068 FS “2 PUSH P | ; SAYE COUNTER (D)
- 443 NNSY: .
0081 (D308 C 444 CALL  TBSWB i 2=X-9
0084 (DE20® C 445 CRL  STOREL ;R=22 (215 STORED AT X'S ADDPESS)
8067 F1 446 PP  PSH . ; _
C “7 DR R ; 121 -1 ( DECREMENT COUNTER )
089 C8 “8 (74 ;RETURN IF CUUNTER = 9
806A FS M3 PUSH  PSH ; IF COUNTER > 6, THEN
0008 119900 £ 458 LXI D, SCROML ;RELORD X AND Y ADDRESSES
@06 210008 € 451 W HSCRONR
@C1 (38108 C 452 PN ; SUBTRACT ¥ FROM X AGRIN
453 ;
454 STITLE C'TRBLESET')
455 $ETECT
49
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NAVTRAEQUIPCEN IH-338

ASN90 FL PR SPC DEBUG MODES

ISIS-11 6088/8965 MACR) ASSEYELER, V3 § PHTP .
LoC OBJ LINE msmmm
1.
zl
3 NE PP
4,
S
6.,
7, SIS EINISIONS
8. . .
9, * PHTWP ¢
10 ; . v
1 ., SERUENINEIIININS
ul
13 ;
14,

THIS PROGRAN IS DESI@(D 10 TEST THE POLHEMUS HERD TRACYER SHIS-TII-A IN CONTUCTION
WITH AN INTERFACE BORRD THAT CONVERTS THE PHT'S SEPIAL DATA YO PRPALLEL DATR

THE PROGRAM INITIALLY RESETS THE S/P BORRD. WHICN CRUSES A PEQUEST FOR POLHEMIS
. TO CRLOULATE R NEW SET OF DATA . THEN A LOOP 1S ENCOUNTERED WHEPE THE PROGORNM

WAITS FOR R DRTR PEADY SIGNAL (6 S INTEPUPT>. WHEN DRTA PERDV IS SENT , THE NEYT

PART OF THE PROGRRN STORES A WORD OF DATA. THE MORD STORED DEPENDS ON THE YALLE

STORED IN THE C-REGISTER

SLENESG
hutingibegiidiing

88M - HORIZONTAL DATA ¢ AZIMUTH )
@14 - YERTICAL DATR ( ELEWATION )
8 - ROIL DATR

A
2
3.,
2“
r- N
26
&
”l
2
n: ARE STORED PROGRAM DROPS OUT OF THE STORE MODE AND INTO THE NON-STORE MOCE ]
i IN THIS WODE . THE SAME TYPE OF DATR. RS INOICATED BY THE C-PEGISTER. 1S PLLED ONTO THE
R, INPUT PORTS BUT 1S NOT STORED WEN THIS DATA 1S ON THE PORT , THE BIT PATTERN (PN BE
n:; REFD FROM LED'S ON THE S/P BORRD IN OPDER TO SEE THESE BIT PATTERNS , P DELAY LOCP IS
34 mmmtrmmmmuomnmmn:mmmasmn:
3 PGTLMMB!TOWSEMLE’STOMINLIWMTOMGIGETO.SEET}E
3% BIT PATTERN
k4]
3.,
39, DEFINE CONSTANTS
“;
F1 41 DELAY  EQ OSFLH ;ADORESS OF MONITOR DELAY POUTINE
20 42 COUNY  EQU 20008 ;DELAY COUNT VALUE CAPPEX. SEC
[ 5 amx W 1DH  SIN MASK VRLLE
0OFF 44 ENDSTO  EQU OFFN : ;EMD OF STORRGE VALUE
20 45 BEGIN  EQU 20084 ; BEGINNING OF STORAGE
“%;
4, DEFINE EXTERMAL YALUES
49,
L EXTRN  RSTES8, RSTESA. HINPUT, GETELY, RSTSP, STX, FIPST
5
H ITINE (‘PHTRPY)
32 sEJECT

50
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NAVTRAEQUIPCEN IH-338

PHTMAP

‘ START ’

 DISABLE
INTERUPTS

SET STACK

POINTER

4

-} RESETS/P
INTERFACE

\

INITIALIZE
COUNTER
TO ZERO

LOAD
RESTART
INSTRUCTIONS

IDENTIFY
1st STORAGE
ADDRESS

- - \WAIT FOR 6.5 INTERUPT
(PHT 'DATA READY)

~ *~NOTE .
TO SELECT ONE OF THE THREE ANGLES (YAW, PITCH, ROLL), A CONSTANT
MUST BE LOADED INTO REGISTER C BEFORE RUNNING PHTMAP INDICATING
THE ANGLE DESIRED ACCORDING TO: :
OOHEX - YAW DATA
OTHEX - PITCH DATA
O3HEX - ROLL DATA

51
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NAVTRAEQUIPCEN IH-338

PHTMAP CONT.

STORE
LO-BYTE
OF DATA

REQUEST
NEXT
DATA WORD

ADD ONE
TO
COUNTER

.

T

R S XL R Ry TTeta T T
Y T R ey
IR TRV LN ol S SR SRS S SR S

PRV

Ly

LT SRR PRy 1o RN
SRAGRE KR




NAVTRAEQUIPCEN IH-338

PHTMAP CONT.

NOSTOR

- -« WAIT FOR 6.5 INTERUPT
(PHT ‘DATA READY’)

REQUEST ---WAIT TO ALLOW
NEXT VIEWING OF DATA
DATA WORD ON LED’s
INCREMENT RESET S/P
COUNTER INTERFACE ;
\ |
\ !
53
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NAVTRAEQUIPCEN IH-338

ISIS-11 5899/8965 MACRO ASSEMBLER, V3.9 PP
PHTWP
LoC 08J LINE SOURCE STATEMENT
3 CSEG
54 PHTIRP
0009 F3 S ] ;DIRBLE INTERUPTS
9001 310000 € 56 841 P, STX " ;SET STACX POINTED
i
9004 320008 E 38 STh RSTSP ;PESET SERIAL TO PRRALLEL PORRD
59 ; .
0007 0600 () wi B, 084 ; INITIALIZE COUNTER B TC ZERD -
61 .
9009 210088 € 62 it W, FIRST , (0 LY CONTRINS DL JMP INSTRUCTIONS
008C 220008 E 63 SO  RSTESS LSTOPE 1ST PPPT OF £ S INSTP
000F 212008 C 64 (B4 W, JADDL , tH L) CONTAINS ADDRESS FOP Nap
9012 220000 E 63 SHD  RSTESA JSTRE € S JUMP ADDPECSS
€6 ; .
0015 110028 (14 X1 D, BEGIN 0, E) CONTRING 1ST STOPRGE LOCATICM
68 ; .
69 NOPY: . owe LOOP #1 e
n .
0913 00 " NP :
0919 3E1D n ) A, MASK JUNMRSX € § INTERIPT
0818 39 B 3
09iC FB 74 El ;ENRBLE INTERUPTS
eMDC31008 C 735 b, 4 NOPL , *¢ WAIT FOR 6.5 INTEPUPT «»
7% ‘
7 100
000 20009 E 78 LHD  HINPUT S LY GETS INPUT (PILLS DOWN € 50
9823 78 e nov (] ] ’
08824 B9 9 P C J00ES B=C?
e8S CA¥E C 81 R4 STORE . IF EOUAL, STOPE INPUT
82
0828320008 E 83 STR GETELY ; IF NOT EQUAL, PETUEST MEXT HOPD OF DATR
0828 Coot o4 ol 81H ; THEN . ADD 1 TO COUNTER
90D 47 ] v B R . D
082€ €9 86 RET . PETUPN TO NOP4 LOOP
87
88 STORE:
082F EB 89 XCHG (0. E) CONTRING INPUT ; ¢H,L) CONTAINS
9% ; MEMORY ADDRESS
0038 73 n oY nE ; STORE LO-BYTE OF INPUT
o3t 3 ” INY ] iHEM = MEM ¢+ 1
a3
8032 7 ) nv A D ;ACC GETS MI-BYTE OF INPUT
0033 17 95 AL .
0934 3F 9% >, :
04335 1F 97 RAR ; COMPLIMENT MSB OF INPUT
0036 77 98 Moy mA ;OMD STORE IN MEMORY
9
2837 EFF ) wi f ENDSTO ;CHECK FOR END OF STORAGE
0939 B0 101 (>, 4 L ; DOES PEG L EQUAL D ?
0030 CA4500 C 162 /4 NOSTOR ; IF EQUAL. GO TO NOSTORE MODE
103 $EJECT

54
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NAVTRAEQUIPCEN IH-338

1S15~11 9960/9985 MACRO RSSEMBLER. V3 8
PHINP
Loc 08y LINE SOURCE STRATEMENT
104 ;
"X 3 X .~ w o
- - 993t B8 106 YOHG
107 i
, O03F 320000 E 108 STR RSTSP
/ 109
/o 9042 9608 116 ) B. o6
/ ) 044 C9 114 . RET
112
413 NOSTOR
0045 89 114 WP
o046 21508 C 115 LAl K, JA00
o049 220000 E 146 D RSTER
117 ;
f oR4C E1 48 PP H
49
0040 9509 129 w1 B, O3H
2
Q04 220008 E 122 STR RSTSP
A3
[‘ 124 WF2.
0352 % 125 NOP
0053 JE1D 126 i R MASK
0855 39 127 SIM
56 F8 18 El
ee57 (35288 C 129 e NOP2
130 ;
131 JoD2.
95A 0008 € 132 LD  HINUT
%% M8 133 [, 13 B
085€ B9 134 v, 4 ¢
SRR PO5F CR6oe8 € 139 R4 DSPLRY
136 ;
9062 320008 E 137 STR GETELY
2065 Ceot 138 ol edH
~ Bob? 47 138 "y 8A
2068 €9 149 RET
14 ;
142 DSPLAY:
9063 110028 143 Wt 0, COUNT
006C COF165 144 Al DELAY
145
006k 320000 E 146 STA RoTP
147 ;
2872 9600 148 wi B, 00H
0974 C9 149 RET
138 ;
158 $EJECT

PHTYP

55

IF NOT EQUAL ¢ SET UP FOR MOPE STORRGE)
MM =N+l

; <D, E) POINTS TO MEMORY

; PESET SERIAL T0 PRRALLEL BUFRD

;RESET COUNTER 10 JEPO
;RETURN TO NOPL LOCP

;L) GETS NEW JUKP ADD FOR €.
;A0 THEN 1S WOVED TO 6.5 PESTRRT APER

;FEMINE NOPY RETUPN FOORESS

; RESET COUNTER TO ZERO
;PESETSERIPLTOPPRK.LELBOPRD
i wes LOOP §2 eee
VHRSK 6.5 INTERUPT

JENPEALE INTERUPTS
i+« WAIT FOR 6.5 INTERUPT =

© 3 (HL) GETS INPUT FROM PHT

DES B =C?
; IF EQUAL, WRIT BEFOPE RECETTING

i IF NOT EQUAL, REQUEST NEXT HOPD OF DATR
; INCREMENT COUNTER

,RHD PETUPN TO MOP2 - LOOP #2

; (0, E) CONTRINS DELRY COUNT

i WALT SPECIFIED TIME PERI0D

,RESET SERIAL TO PARALLEL BORRD

; RESET OUUNTER
; PETURN TO NOP2 ~ LOOP #2
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NAVTRAEQUIPCEN INH-338
1SIS-11 8888/8885 MRCRO RSSEMELER. V2.0 PHTINP
PHTIFP
LOC 08J LINE SOURCE STATEMENT
' 152 31

PUBLIC SYMBOLS

EXTERNAL SYMBOLS

FIRST E 9900 GETELY E 0000 HINPUT E 0908 RSTGSS E 9009 RSTESAE 0080 RSTSP E 0008 STK € 600

BEGIN A 2808 COUNT A 2000 DELRY R @SFL ODSPLAY C 9869 ENDSTO R OGFF  FIRST E 0008  GETELY E Aeed

HINNUTE 9909 JADDL C 0628 JADD2 C BGOSR MASK R 021D NOPL (6018 NOP2 C 0852  NOSTOR C @945

PHTWP C @309 RSTGSS E 099 RSTESA L 0AAG RSTSP £ 0009 STK E 6008  STORE C 08F

ASSEMELY COMPLETE,  NO ERRORS
|
}.
!
§

56
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ISIS-11 §08A/8865 MACKO RSSEMELER. VI @ kS
FIFD
Lc 08J LINE SOURCE STRTEMENT

49: ;
494
493 ; T
49 ; L *
497 ; . FIFD *
498 ; ] *
499 ; kiR
508 ;
58t ;
%2 ;
903

. 54 ;
585 ; ARE PASSED TO THRE SUBROUTINE.
996 ;
997 ;
568 ;
S89 ; ADDRS TABLE
9 ;
511 : 20904 Wa-L0 20004
912 ; 20814 ) 2001H
513 ; 2082H Wi-L0 20024
514 ; 2003H W-HI 2003H
515 5 20044 W2-.0 2094
516 ; 2085H W2-HI 2005
57 ;
8 ; BEFORE FFTER
99 FIFO FIFO
529 ; '
5 ; (D,E)> SHOULD CONTRIN THE ADDRESS OF Wi-HI (2083H)
522 ; (H: L) SHOULD CONTAIN THE RDDRESS OF W2-HI (2085H)
%523 ;
924 ;
923 ;
526 ; INPUTS
Se7 ;
528 ; (ML) - CONTRINS THE ADORESS
529 ; B - CONTRINS THE RDDRESS OF
530 ;
924
532 ; QUTPUT,;
933 THE DESCRIBED TABLE IS SHIFTED.
534 S$EJECT

. ' m \ e

NAVTRAEQUIPCEN IH-338

THIS SUBROUTINE IS USED TO SHIFT A THBLE COMTAINING DATA WORDS DOWN
IN RAM OVERMRITING THE LAST WORD, BUT PRESERVING THE FIRST WIFD
THE LENGTH OF THE WORDS INVOLYED IS CONSIDERED IN THE INPUT YALUES THAT

FOR EXAMPLE , CONSIDER THIS TRBLE CONTAINING THREE TWO-EYTE WORDS:

B SHOLD CONTAIN THE LO-BYTE RODRESS OF W@ (2006H)

57

we-L0

Wo-HI
Wa-L0
Wo-H!
W-L0

H1-Hl

(D,E) - CONTRINS THE SOURCE ADDRESS ¢ ADD. OF HI-BYTE OF NEXT T0 LRST NORD)
OF THE HI-BYTE OF THE LRST WORD IN THE TRWLE

THE FIRST TRBLE LOCATICN

s+ - THIS ROUTINE CANNCT SHIFT TRBLES THAT CROSS HI-BYTE ADDRESS BOUNDRIES.




NAVTRAEQUIPCEN IH-338

FIFO

LOAD ACC
WITH DATA

"1 AT SOURCE
ADDRESS

MOVE DATA
TO

DESTINATION
ADDRESS

DECREMENT
SOURCE AND
DESTINATION
ADDRCSS

INPUT: (D, E) <— SOURCE ADDRESS
(H, L) «—— DESTINATION ADDRESS
B <— INITIAL ADDRESS
OUTPUT:  TABLE IS SHIFTED DOWNWARDS IN RAM

(NUMBER OF LOCATIONS MOVED IS
IMPLIED BY DIFFERENCE BETWEEN
SOURCE AND DESTINATION ADDRESSES)

58




ISfS-Il £850/8685 MACRO ASSEMBLER, ¥3. 0

FIFD

Loc osy

8802 18
0303 28
8804 C3C088 €

B

LINE

535 ;
536

537 FIFO:
938

529

540 ;
b

e

3
544,
5

46

547

548 SEJECT

SOURCE STRTEMENT
csen

WRX D

Wy MA
Y RE
o E
R2

XD

X H

M FIFO

NAVTRAEQUIPCEN

SUBS

59

IH-338

+LOAL ACC WITH DATR AT SOUPCE ADDPESS
-MOVE SOURCE DATA DOWN TRG POSITIONS

; MOYE AOD OF FIPST WORD TO ACC
-AND COMPEPE WITH SOUPCE ADDRESS
;RETURN IF FIRST WORD HAS BEEN MOVED

+ IF MORE T SHIFT. PRINT TD NEAT SOURCE
i AND DESTINATION AODRESS
i THEN SHIFT MEXT PIECE OF DATA




NAVTRAEQUIPCEN IH-338

[SIS-11 5650/9885 MACRD ASSEMBLER. V2 @ Q.s
TABLE_SET
Loc 08J LINE SOURCE STATEMENT

8aC4 73
8aCs 23

7 8D
8acs (8

0acs 23
0aCh C3C400 C

F 'S
E9RN

R Ty T
H . B J

469 ; s TRLSET =

464 ; L *

462 ; SRRERRERRREIAER R

463 ;

464 ~ THIS SUBROUTINE 15 USED TO FILL A GROUP OF FAM LOCATIONS WITH AN INITIAL VALUE

465 ; WORD WHICH IS TWO-BYTES LONG. '

46

. 467 ; INPUTS

468 ; (D,E> - CONTAINS THE INITIARL VALUE -

469 ; (H,L) - CONTRINS THE FIRST RDDRESS FOR INITIALIZATION

479 ; ACC - LO-BYTE OF FINAL ADDRESS IN THE THBLE

471 ; »s - TABLE CANNOT EXTEND ACROSS THE HI-BYTE BUINDRY

472 ;

473  QUTPUT:

474 ; RAN LOCRTIONS FROM THE FIRST ADDRESS TO THE FINAL RODRESS RRE FILLED
475 ; WITH THE INITIAL YALUE IN D.E)

476 ;

477 ;

473 CSEG

479 TBLSET:

489 oy nE ;MVE LO-BYTE INITIAL VALUE TO (H.L> RODRESS
481 INY H s INCREMENT (H, L) ADDRESS

482 my Mo . iMOVE HI-BYTE INITIAL VALLE TO <H,L) ADDRESS |
483 ; .

484 (, L + CHECK FOR END OF TRBLE

485 74 SRETURN IF AT END OF TRBLE

486 ; :

487 INX H ) i IF NOT AT END INCREMENT <H.L)

488 e TBLSET T S INITIRLIZE NEXT THD BYTES

489 ;

499 ;

491 STITLE (“FIFO”)
492 $EJECT

60
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NAVTRAEQUIPCEN IH-338

ISIS-11 £8808/8885 MACRD ASSEMBLER. ¥3.0 SuBs

-MRY

LOC DBJ

0478 4?7

0879 7C
007 FE6
887C 8

87 7
987t B8
08/7F DO

0060 43

LIN SQURCE STATEMENT

308 ;

30 BEBERAASRRRR TR RS

0., s L

383 + - MRX *

04 ; L *

25 . SEBRRAREN RRE AR

306 ;

307 :

368 ; {HIS SUEROUTINE COMPRRES A TWO-BYTE WORD WITH A ONE-BYTE WOPD: /MRY)
389 . IF THE TWO-BYTE WORD 1S GREATER THAN THE MAX WORD . THEN THE MAY
Ne; HORD [S PETUPNED TO THE CRLLING PROGRAM. IF THE TWO-BYTE WORD IS LESS
ks b O THAN THE MAX WORD . THEN THE LO-BVTE OF THE TWO-BYTE WOPD 1S PETURNED
312 : TO THE CALLING PROGRAN ‘ :
343 : .

344 ;

215 ; INPISTS.

316 ; ACC -~ CONTAINS THE MRZIMM VALUE ¢ ONE-BYTE »

17 (M, L)~ CONTRINS THE TMO-BYTE WORD FOR COMPARISON

318 ;

319 ; UTAT- ‘

328 ; 8 - CONTRINS THE LESSOR OF THE MAXIMUM YALUE OR THE TWO-BYTE NOFD

32
ki - CSEG

B.A ;B GETS MAXIMUM YALUE

A H ;ACC GETS HI-BYTE C-VALLE
AOH ; IF HI-BYTE IS NOT ZERO,
SRETURN WITH MX IN 8
331
R
B
334
33,
33
37
38 ;
339,
349 STITLE (“STOREL")
341 SEJECT

;ACC GETS LO-BVTE C~VRLLE
B ; CONPARE WITH MRXIMUM _
;RETURN IF L IS GREATER THAN MAYIMM

B.L ;ELSEMVEL TOB
; PETURN WITH LESSOR YALUE IN £

%2 I3 E=3 3
>

61

St L e

L P




e v e ey e A Y

NAVTRAEQUIPCEN 1H-338

(THIS PAGE INTENTIONALLY LEFT BLANK.)

62

g e L2

B Y
PN

e L v
A S
- J.‘&“s‘.n¢ SN




NAVTRAEQUIPCEN IH-338

APPENDIX B .
RHMC HARDWARE

An Intel SDK-85 development board is used as the micro-controller for the
RHMC system ~- primarily because it provides a ready-made micro system at a
reasonable cost. The microprocessor is an Intel 8085A, which is capable of
"addressing only 512 bytes of RAM, 2000 bytes of monitor ROM and 2000 bytes of
Erasable Programmable Read Only Memory (EPROM). The 8085A is in communication
with an in-house designed board which provides two digital to analog converter
(DAC) channels for raster shift, EPROM for RHMC program storage, address
decoders, and vertical sync for both the Polhemus Head Tracker (PHT) and the
microprocessor. In addition, the system contains the Polhemus head tracker
(PHT) data controller which allows head pointing direction (HPD) data transfer
from the PHT to the microprocessor, and a separate data buffer board than
enables the CIG system to take in HPD data transparent to the operation of the
8085 microprocessor system. Figure Bl shows a block diagram of the RHMC and
interface hardware. : :

The PHT data controller (see schematic and timing diagram) controls the
format and the distribution of Head Pointing Direction data from the Polhemus
Head Tracker. About 15.5 ms. after the sync signal (vertical sync) is sent to
the PHT, initiating its position sampling sequence, the PHT indicates that the
data is ready by sending, appropriately, a “data ready pulse to the data
controller. The PHT orientation and positional data is then ready to be
clocked out of the serial port. A *data acknowledge® signal is returned to
the PHT by the controller and a 500 kHz. burst consxst\ng of 17 clock pulses
is also sent which clocks out the first 17-bit word, “yaw." This serial

string of bits is clocked into dual, 10-bit, serial in, parallel out shift
registers. At the end of the 17th clock pulse, the clock is inhibited, and
the first 16 bits of the 17-bit word are transferred to dual 8-bit data
buffers. These buffers, when full, send an -interrupt (Rst. 6.5) to the 8085
microprocessor. The micro, meanwhile, has been patiently waiting in a loop
for the data. Upon receipt of the Rst. 6.5 interrupt, the micro addresses the
buffers and pulls the data into memory for future processing. The micro
writes to memory location (8xx2) which sends 31 “get data* pulse ‘3 the con-
troller and the micro returns to the loop to await further data. Again, the
controller sends out a burst of 17 pulses, clocking in the next word,
*pitch.” 1In the same sequence as before, the 8085 stores this next word and
requests the roll data. At the end of this sequence, *data acknowledge" is
cleared and the 8085 begins the computation cycle which eventually determines
the 8-bit values sent to the horizontal and vertical, raster shifting, digital
to analog converters (HDAC and VDAC). These values are latched into the DACs
during the vertical retrace of the laser video projector. Vertical sync (or
retrace) is acknowledged as a 7.5 interrupt by the microprocessor.

Again returning to the system block diagram in Figure Bl, the offset
signals from the HDAC and VDAC are routed to summing circuits; a summer
feeding the VCO for the horizontal shift, and a summing point within the
scanner controller for the vertical shift.
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Figure Bl. RHMC and Interface Hardware.
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The horizontal offset signal from the HDAC is summed with the output of
the ramp generator. The voltage shift of this signal frequency shifts the
voltage controlled oscilliator which outputs a frequency chirp centered at
375 mHz. Spanning some 200 mHz., the frequency chirp can be shifted up or
down in frequency as much as 25 mHz. After suitable amplification, the
Acousto Optic Beam Deflector (AOBD) receives the shifted chirp and shifts the
horizontal line scan accordingly. The voltage controlled oscillator (VCO) is

-required to output a chirp, or frequency sweep at a horizontal line rate. As

previously mentioned, the VCO is a non-linear device when opera;gd at @hese
line rates (15 to 30 kHz.). Since the VCO is non-linear, its driving signal
must be carefully selected and conditioned to achieve a linear output, i.e., a

linear frequency chirp. A linear frequency chirp applied to the AOBD results

in a sharply focused, linear horizontal sweep. The task of proyiding a linear
frequency chirp is difficult enough; providing a signal which produces a
shiftable linear frequency chirp at the output of the VCO proved to be impos-

sible. The subsequent non-linearity produces noticeable dispiay distortion,

reducing both the resolution and linearity of the display.

A minor modification of the scanning controller, which drives the frame

scanner, allows the vertical offset signal from the VDAC to shift the angle at

which the frame scanner beygins its vectical scan. This provides the required
vertical raster shift. _

Both the CIG and RHMC system require head pointing direction (HPD) data
every field (16.7 ms.). The data buffer (see schematic and timing diagram)
allows the CIG to take in HPD data relatively independent of the operation of
the RHMC system. It holds the pitch, roll and yaw data until the CIG sends a
request for data. Basically, the data buffer counts the number of Rst. 6.5
interrupts emitted by the PHT data controller and loads one of three 16-bit
buffers on each rising edge. When the third buffer has been loaded with data
from the PHT data controller bus, a "data ready" is sent to the CIG system
indicating that a complete set of HPD data is ready to be transferred, and the
first data word, azimuth, is placed on the 16-bit CIlG/buffer bus. When the
CIG system accepts the data, it returns a "data acknowledge," which places the
next data word, elevation, on the bus. This action, in turn, sends another
“data ready" to the CIG system. When the final data word, roll, is received
by the CIG, and a "data acknowledge" is returned, the three buffers are
cleared. The data buffer is then ready for another set of HPD data.
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PHT (SHMS lil) DATA CONTROLLER
TIMING DIAGRAM

SYSTEM

e N
)

U12PIN 3
DELAY DATA RDY

Ul PIN 10 [
DATA ACK >< &I
U2 PIN1O

DELAY CLK START

U3 PIN 10

DLY CLK START
Utl4 PIN 13

CLK INHIBIT
U2 PINT

CLK
U9 PIN1

CLK QuUT
Us PIN4

—

COUNTER
e
Use PIN 2 °

LATCHED (LCNT)
Us PIN? X \

(CLK ¢ LCNT)
U9 PIN 10 ><

RESET CNT
U2 PiNE

el \z °/\
(CLK o LCNT) X (STROBE) ﬂ [

U9 PIN 13
PHT DATA DATA CHANGING DATA CHANGING
VALIO VALID

U7 &UB -10
AZ/OATA EL/DATA

LATCHED DATA K :

IN 8212 PORTS >< | wrcHED AZ 0ATA \X LATCHED

e \r—k EL DATA

U14PIN g
\

et riradd 1;/ L]

ORU11 PIN 1

MEM RD
U10/11 PIN 13

67




g e e e e L
. . e e A e e o O g |

NAVTRAEQUIPCEN IH-338

m S/ SNG VL8 N MU0 MOT YN 2LYD
veien) ® f -
wiims | 4 . S NY VAVO 4 POUO HBHS ToNy LR
[ '
- . _ —
m |l~1ﬂ.ﬁ.i..o . asaso e “oreg 080 T avare
Jepdedsdodelo]> |11 IT000 J

bl cpda]o]e behedgefe]e

(1) e
%t sen
tse 0@

w reTwe

e .
e sen -

o 8

-u-u.-.-us..h
34

i
.
3
.- N
-8 it a
9-Cwd4n
-0 uin
BNS ¥ENIONIN0I PLVE WIOWO O < el e
o]
Q- Sin 90
»e-
r N8 UEYVIOWN0D VAVE WIONO M .“w"““
. 2@ - B494a O
b B3]
8- Indtn

68




NAVTRAEQUIPCEN IH-338

DATA BUFFER TIMING DIAGRAM
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SOK-85
ADDRESS
J2 :
10y

s
4
——————————
3
wmrrmem——————
2

1
U18-18 (EPAOM)

BXXT7 —m= U25 PIN 6 (V DAC)
g BXX6 —wm U24 PN 6 (HDAC)
Di-a-—- BARS e

D= 8XX4 —a= U268 MN 1 (RESET VSYN)
D;:‘,—- SXXI ~=ow- Y28 PIN & (RESET)
== 8XX2 —a= U268 PN 9 (GET DATA)
D;-;-- B8XX1 g U11 PIN 1 (HIGH PORT)
DTs—" 8 XX0 w=em= UIOPIN 1 (LOW PORT)

Y10 PIN 13 (MEMRD)

\ 1
YaU23 . u U1B PIN 20 (MEMRD)

A\ 13
11] YaU23 U24/U23 PIN S (MEMWR)

V22 PN 11 (BXX4&)
1 U20 PIN 1 (VBYNC RESET)
U23 PIN 13 (MEMAWR) =y 3

Y22 PIN 12 (BXX3 74532
o vaU28 US PIN 9 (RESET)

V22N 13 (BXX2) U14 PN 8 (GET DATA)

70

; - T}
BV |

T S TS e T L L SRR R BRI Y CA L iy b




|

NAVTRAEQUIPCEN IH-338

cs
SDK-85 DATA 11 ] HORIZONTAL
o e A AN + A4 OFFSET
9 GND I3 3 7O LASER
26-D7 2] ]3]z -13 VIDEO PROJECTOR
28 - De g -0 &
30-Ds e
32-Ds =
34-D>
36-D2
30-M BYTE 1/8YTE 2
40 - Do U22 PIN7(8XX 7] o) r +5
U23PIN13
(MEMRD) 5| WR2 cc
+Vi
) - 15
D g 4
ps-2] DAC1002 |“vRer
) (VERT) et ~ 9.1
3 u2s 15
035-1-1 -
' 02'2"0- ‘GL‘OOPF +15
D1 -1-5{ I
Do w=n 14 2)- 7
18 LI/RS 741
’ 7] S8/ CS u27 VERTICAL
17 LS8 WEI + a4 OFFSETY
GNO TO LASER
2] 7[3p2[ -18 VIDEO PROJECTOR
=
N
f
T BB N IRR NG B DI ST Ny Pl st 4 b a0 08 Y, SANSPIIRE L S WG < A T W, g £ 52 ™ v 85
71




NAVTRAEQUIPCEN IH-338

;
———-——’

J1-2 (RST 7.5)

Co Q

T .
?———————4 U28 PIN 3 (VSYNC RESET)

SHMS 1 A

] 4
100K g “SYNC"
2K

SDK-85 ADDRESS
J2 ‘
J1

a—
——— Y

28- De

s 30+ Ds

e 32¢ D4

—-——-.3" [+ 1]

e, 36 02

e 38+ 01

] +8V
u18| 24

U23-4 (MEMRO) -
U21-14 (9XXX) B Huz 18 !

U2 1

72




- Ay e g i T AL s ey g g iy Stme | e et

e e A
¢

' NAVTRAEQUIPCEN IH-338

e o s

: S nr'smaunon LIST

R Defbnse Tbchnical Infbrmation Center
;... Csmeron Station
A - Alexandria, VA 22314
- Technical Information Center
- NAVTRAEQUIPCEN .
" Orlando, FL 32813

_ NAVIRAEQUIPCEN .
' - Orlando, FL 32813

i
¥
:

S T, SR NI T VI B S T R

TS
-

F AT M DTS T T
AT FERR R
¢

12 copies -

2 copies

50 copies

IOy SUEPIRU SR ERIRRRTY RSP R S S



